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ABSTRACT
We present our analysis of HD 35502 based on high- and medium-resolution spec-
tropolarimetric observations. Our results indicate that the magnetic B5IVsnp star is
the primary component of a spectroscopic triple system and that it has an effective
temperature of 18.4±0.6 kK, a mass of 5.7±0.6M, and a polar radius of 3.0+1.1−0.5R.
The two secondary components are found to be essentially identical A-type stars for
which we derive effective temperatures (8.9±0.3 kK), masses (2.1±0.2M), and radii
(2.1±0.4R). We infer a hierarchical orbital configuration for the system in which the
secondary components form a tight binary with an orbital period of 5.66866(6) d that
orbits the primary component with a period of over 40 yrs. Least-Squares Deconvolu-
tion (LSD) profiles reveal Zeeman signatures in Stokes V indicative of a longitudinal
magnetic field produced by the B star ranging from approximately −4 to 0 kG with a
median uncertainty of 0.4 kG. These measurements, along with the line variability pro-
duced by strong emission in Hα, are used to derive a rotational period of 0.853807(3) d.
We find that the measured v sin i = 75±5 km s−1 of the B star then implies an inclina-
tion angle of the star’s rotation axis to the line of sight of 24+6−10°. Assuming the Oblique
Rotator Model, we derive the magnetic field strength of the B star’s dipolar compo-
nent (14+9−3 kG) and its obliquity (63 ± 13°). Furthermore, we demonstrate that the
calculated Alfve´n radius (41+17−6 R∗) and Kepler radius (2.1
+0.4
−0.7R∗) place HD 35502’s
central B star well within the regime of centrifugal magnetosphere-hosting stars.
Key words: Stars: early-type, Stars: magnetic fields, Stars: individual: HD 35502
? Based on spectropolarimetric observations obtained at the
Canada-France-Hawaii Telescope (CFHT) which is operated by
the National Research Council of Canada, the Institut National
des Sciences de l’Univers (INSU) of the Centre National de la
Recherche Scientifique of France, and the University of Hawaii,
observations obtained using the Narval spectropolarimeter at the
Observatoire du Pic du Midi (France), which is operated by the
INSU, and observations obtained at the Dominion Astrophysical
Observatory, NRC Herzberg, Programs in Astronomy and Astro-
physics, National Research Council of Canada.
1 INTRODUCTION
Magnetic B-type stars exhibiting strong emission (e.g. σ Ori
E, HD 142184, HD 182180, Landstreet & Borra 1978; Grun-
hut et al. 2012; Rivinius et al. 2013) serve as important
testbeds for understanding how stellar winds interact with
magnetic fields. Models such as the Rigidly Rotating Magne-
tosphere (RRM) model (Townsend & Owocki 2005) provide
a qualitative description of these systems (e.g. Townsend,
Owocki & Groote 2005; Krticˇka et al. 2009; Oksala et al.
2010); however, detailed comparisons with observations of
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σ Ori E have uncovered important discrepancies which re-
quire explanations (Oksala et al. 2012, 2015). By relaxing
the RRM model’s condition that the magnetic field remains
undistorted, Townsend & Owocki (2005) proposed the cen-
trifugal breakout scenario in which the field loops episod-
ically break and reconnect in response to an accumulat-
ing magnetospheric mass. Although magnetohydrodynamic
simulations support this hypothesis (ud-Doula, Townsend
& Owocki 2006), no observational evidence of the breakout
events (e.g. optical flares) has yet been reported (Townsend
et al. 2013).
While these tests of the current theoretical framework
provide useful information, their conclusions are based on a
relatively small number of case studies. Lately, this number
has been increasing as demonstrated by the recent confirma-
tion of HD 23478’s centrifugal magnetosphere (CM) (Sikora
et al. 2015), as well as the discovery of the candidate CM-
host, HD 345439 (Hubrig et al. 2015). The latest addition to
this particular subset of magnetic B-type stars, HD 35502,
is the focus of this paper.
Over the past 60 years, the nature of HD 35502 has
been redefined in various ways. Located within the Orion
OB1 association (likely within the OB1a subgroup, Land-
street et al. 2007), it was initially identified as a B5V star
(Sharpless 1952; Crawford 1958). Higher resolution spectra
later obtained by Abt & Hunter (1962) revealed both nar-
row and broad spectral lines, the latter of which being char-
acterized with a v sin i of 290 km s−1. Moreover, He i lines
were reported to be relatively weak; an analysis of early-type
stars within Ori OB1 carried out by Nissen (1976) demon-
strated that HD 35502’s He abundance was approximately
half that of the nearby chemically normal field stars. These
results motivated its eventual reclassification as a B5IVsnp
star (Abt & Levato 1977).
HD 35502’s magnetic field was first detected by Borra
(1981) and later confirmed by subsequent studies (Bychkov,
Bychkova & Madej 2005; Glagolevskij et al. 2010). Following
the initial detection, it had been suggested that some of the
unusual features apparent in its spectrum may be related
to this strong field. In this paper, we use high-resolution
spectra to provide a new interpretation of HD 35502 as a
spectroscopic triple system whose primary component is a
magnetic B-type star hosting a centrifugally supported mag-
netosphere.
In Section 2, we discuss both the polarized and unpolar-
ized spectroscopic observations used in this study. Section 3
focuses on our derivation of some of the physical parameters
of the system including its orbital configuration, along with
the effective temperatures, surface gravities, masses, radii,
and projected rotational velocities of the three stellar com-
ponents. The various analytical methods used to derive these
parameters, such as the modelling of spectroscopic and pho-
tometric data, are also described. In Section 4 we discuss the
evidence of rotational modulation from which we derive the
rotational period of HD 35502’s primary component. In Sec-
tion 5, the magnetic field measurements of this component
are derived along with the field geometry and strength. In
Section 6, we discuss and characterize the magnetic B star’s
magnetosphere. Finally, our conclusions along with our rec-
ommendations for further analytical work to be carried out
are summarized in Section 8.
2 OBSERVATIONS
2.1 ESPaDOnS & Narval spectropolarimetry
Spectropolarimetric observations of HD 35502 were obtained
over the course of 5 years (Aug. 23, 2008 to Sept. 24, 2013)
in the context of the MiMeS (Wade et al. 2015) and Bi-
naMIcS (Alecian et al. 2015) surveys. Nineteen Stokes V
observations were obtained using the high-resolution (R '
65 000) spectropolarimeter Narval installed at the Te´lescope
Bernard Lyot (TBL) over a wavelength range of approxi-
mately 3 600− 10 000 A˚. Ten Stokes V spectra were also ob-
tained using the twin instrument ESPaDOnS installed at the
Canada-France-Hawaii Telescope (CFHT). Three of these
observations exhibited signal-to-noise ratios (SNRs) . 100
and were removed from the analysis. A median SNR of 522
was obtained from the twenty six observations. Both the
ESPaDOnS and Narval observations were reduced using the
Libre-ESpRIT pipeline (Donati et al. 1997) yielding final
Stokes I and V spectra (for a detailed description of the
reduction procedure, see e.g. Silvester et al. 2012). The He-
liocentric Julian Dates (HJDs), total exposure times, and
SNRs are listed in Table 1.
2.2 dimaPol spectropolarimetry
Twenty-four medium-resolution spectropolarimetric obser-
vations were obtained with dimaPol (R ' 10 000) installed
at the Dominion Astrophysical Observatory (DAO) (Monin
et al. 2012) from Feb. 7, 2009 to Feb. 15, 2012. Two of these
observations had SNRs . 100 and were removed from the
analysis. The remaining twenty-two Stokes V observations
of Hβ were used to derive longitudinal field measurements;
the HJDs, exposure times, SNRs, and longitudinal field mea-
surements are listed in Table 2.
2.3 FEROS spectroscopy
Thirty-two unpolarized spectra were acquired from Dec.
30, 2013 to Jan. 3, 2014 using the spectrograph FEROS
mounted on the 2.2 m MPG/ESO telescope located at La
Silla Observatory. The instrument has a resolving power of
R = 48 000 across a wavelength range of 3 600 − 9 200 A˚
(Kaufer et al. 1999). The spectra were reduced using the
FEROS Data Reduction System. The pipeline automatically
carries out bias subtraction, flat fielding, and extraction of
the spectral orders; wavelength calibration is carried out us-
ing ThAr and ThArNe lamps. Uncertainties in the measured
intensities were estimated from the root mean square (RMS)
of the continuum intensity at multiple points throughout
each spectrum (e.g. Wade et al. 2012). The HJDs, total ex-
posure times, and SNRs are listed in Table 3.
2.4 Hα spectroscopy
A total of 131 spectroscopic observations of Hα covering var-
ious wavelength ranges from approximately 6 300 − 6 800 A˚
are also used in this study. One hundred thirteen of these
observations were obtained at the DAO from Nov. 26, 1991
to Feb. 4, 2012. Seven of the spectra were removed from
the analysis on account of their SNRs being . 50. Both the
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Table 1. ESPaDOnS and Narval spectropolarimetric observations. The SNRs per 1.8 km/s pixel are reported at 5400 A˚. The fifth, sixth,
and seventh columns list the radial velocities of the three stellar components (see Section 3.1). The two right-most columns indicate the
longitudinal magnetic field derived from Hβ (see Section 5) along with the associated detection status: definite detection (DD), marginal
detection (MD), and no detection (ND) as outlined by Donati et al. (1997).
HJD Total Exp. SNR Instrument vr,B vr,A1 vr,A2 〈Bz〉Hβ Detection
Time (s) (pix−1) (km s−1) (km s−1) (km s−1) (kG) Status
2454702.138 1800 677 ESPaDOnS 19.4± 1.3 55.9± 1.4 4.8± 2.7 −0.23± 0.19 DD
2455849.677 3600 662 Narval 20.0± 1.3 −15.3± 2.6 71.3± 1.7 −0.03± 0.16 DD
2455893.623 3600 522 Narval 21.2± 1.4 −5.1± 1.5 61.3± 2.9 −2.05± 0.20 DD
2455910.518 3600 263 Narval 22.7± 2.0 0.7± 2.0 55.9± 5.3 −1.30± 0.50 DD
2455934.528 3600 587 Narval 19.6± 1.5 −20.9± 1.1 76.4± 2.0 −2.12± 0.19 DD
2455936.534 3600 472 Narval 18.6± 1.4 76.5± 1.6 −19.4± 2.8 −2.32± 0.24 DD
2455938.525 3600 564 Narval 20.4± 1.5 18.1± 5.5 37.0± 5.9 0.08± 0.19 ND
2455944.500 3600 494 Narval 20.9± 1.4 1.9± 2.5 54.0± 2.9 0.16± 0.23 ND
2455949.429 3600 545 Narval 20.5± 1.3 45.4± 1.1 11.2± 2.5 −0.95± 0.20 DD
2455950.472 3600 478 Narval 21.4± 1.8 −12.5± 2.4 68.1± 2.9 −0.18± 0.23 ND
2455951.471 3600 431 Narval 22.8± 1.5 −22.6± 1.0 77.7± 2.0 −1.00± 0.27 DD
2455966.376 3600 550 Narval 19.8± 1.5 48.6± 1.5 7.5± 3.2 −1.87± 0.20 DD
2455998.332 3600 397 Narval 20.9± 1.4 53.6± 2.6 3.4± 3.4 0.28± 0.28 ND
2455999.362 3600 402 Narval 20.7± 1.9 81.8± 2.9 −25.2± 1.0 −1.64± 0.28 DD
2456001.309 3600 523 Narval 20.0± 1.5 −4.6± 2.4 60.0± 1.6 −2.39± 0.23 DD
2456003.329 3600 528 Narval 21.0± 1.6 13.5± 2.2 42.8± 1.9 0.51± 0.21 DD
2456202.665 3600 604 Narval 21.4± 1.3 65.4± 3.4 −9.4± 1.9 −2.30± 0.17 DD
2456205.618 3600 494 Narval 21.1± 1.5 −15.1± 2.3 69.5± 2.8 −0.34± 0.22 DD
2456224.646 3600 450 Narval 23.0± 1.3 27.7± 1.4 27.7± 1.4 −0.52± 0.24 ND
2456246.505 3600 505 Narval 20.5± 1.3 −15.6± 2.6 69.8± 1.5 −1.72± 0.22 DD
2456293.881 1600 710 ESPaDOnS 22.6± 1.4 79.4± 2.5 −24.9± 0.9 −1.39± 0.20 DD
2456295.787 1600 190 ESPaDOnS 21.0± 2.6 10.4± 1.6 44.1± 1.4 −3.06± 0.71 ND
2456295.808 1600 231 ESPaDOnS 22.8± 2.3 9.3± 1.3 45.2± 1.9 −2.83± 0.57 MD
2456556.002 1600 582 ESPaDOnS 24.7± 1.9 43.0± 1.9 10.8± 1.8 −1.37± 0.28 DD
2456557.140 1600 670 ESPaDOnS 19.2± 1.5 −18.2± 1.9 70.9± 1.6 −3.27± 0.20 DD
2456560.077 1600 612 ESPaDOnS 20.8± 1.4 74.5± 1.9 −20.5± 2.1 −0.05± 0.25 ND
McKellar spectrograph installed at the 1.2 m Plaskett tele-
scope and the spectrograph mounted at the Cassegrain focus
of DAO’s 1.8 m telescope were used to acquire the spectra.
The remaining eleven observations were obtained at
CFHT from Nov. 21, 1991 to Oct. 3, 1995 using the now
decommissioned Coude´ f/8.2 spectrograph.
2.5 uvby photometry
149 uvby photometric measurements were obtained from
Jan. 27, 1992 to Mar. 13, 1994 using the 0.75 m Four Col-
lege Automated Photoelectric Telescope (FCAPT) on Mt.
Hopkins, AZ. The dark count was first measured and then
in each filter the sky-ch-c-v-c-v-c-v-c-ch-sky counts were ob-
tained, where sky is a reading of the sky, ch that of the check
star, c that of the comparison star, and v that of the variable
star. No corrections have been made for neutral density filter
differences among each group of variable, comparison, and
check stars. HD 35575 was the comparison and HD 35008
the check (i.e. second comparison) star. The standard devi-
ations of the ch-c values were 0.006 mag, except for u for
which it was 0.008 mag. We adopted uncertainties of 0.005
mag for each measurement based on the highest precision
typically achieved with FCAPT. Table 10 contains the com-
plete list of photometry.
Table 2. Spectropolarimetric observations of HD 35502 obtained
with dimaPol. Columns 1 to 3 list the HJDs, exposure times, and
SNRs. Column 4 lists the longitudinal field measurements derived
from the Hβ Stokes V profiles.
HJD Total Exp. SNR 〈Bz〉Hβ
Time (s) (pix−1) (kG)
2454869.764 4800 410 −1.95± 0.27
2454872.773 3600 240 −0.64± 0.25
2455109.047 5400 240 −2.88± 0.51
2455110.964 5400 260 −1.60± 0.25
2455167.855 6000 290 −2.27± 0.21
2455168.829 6000 320 −2.21± 0.38
2455169.881 7200 280 −1.72± 0.43
2455170.867 7200 190 0.31± 0.31
2455190.766 7200 230 −2.57± 0.33
2455191.781 7200 260 −2.29± 0.30
2455192.790 7200 130 −3.95± 1.09
2455193.742 7200 210 −1.61± 0.33
2455261.655 6000 290 −2.04± 0.41
2455262.685 6000 300 −2.31± 0.26
2455264.661 6000 270 −0.89± 0.37
2455580.803 6000 270 −0.07± 0.38
2455583.800 4800 140 −2.38± 0.94
2455594.711 7200 230 −2.39± 0.60
2455611.691 5700 210 −2.07± 0.47
2455904.864 6600 170 −3.60± 0.56
2455964.666 5400 190 −2.48± 0.34
2455972.644 7200 260 0.58± 0.44
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3 PHYSICAL PARAMETERS
Based on the high-resolution spectra obtained of HD 35502,
three distinct sets of spectral lines are apparent: the strong
and broad lines associated with a hot star and two nearly
identifical components attributable to two cooler stars which
are observed to change positions significantly. Based on
HD 35502’s reported spectral type, the bright, dominant
component is presumed to be a hot B5 star (Abt & Levato
1977); the weaker components are inferred to be two cooler
A-type stars based on the presence of Fe ii lines and the
absence of Fe iii lines. As will be shown in the next section,
the lines of the A stars show velocity variations consistent
with a binary system. Hence we conclude that HD 35502 is
an SB3 system.
Some of the B star lines (the He i lines, in particu-
lar) appear to exhibit intrinsic variability. Such features are
commonly found in magnetic He peculiar stars (e.g. Borra,
Landstreet & Thompson 1983; Bolton et al. 1998; Shultz
et al. 2015).
3.1 Orbital solution
The radial velocity (vr) of the central B star (B) in each
observation was determined using spectral lines for which
no significant contribution from the two A stars (A1 and
A2) was apparent. C iiλ4267 was found to be both rela-
tively strong (with a depth of 10 per cent of the continuum)
and only weakly variable. The Hα spectra encompassed a
limited range of wavelengths with few lines from which vr
could be accurately determined. We used C iiλ6578 and
He iλ6678 in order to estimate vr from all of the spectra
(spanning a 22 year period). However, measurements made
from He iλ6678 were subject to systematic errors associated
with strong variability (see Section 6). Moreover, the shal-
lower depth of C iiλ6578 (< 4 per cent of the continuum)
and its blending with Hα resulted in both a decrease in pre-
cision and a larger scatter in vr compared with those values
derived from C iiλ4267.
The radial velocities were calculated by fitting a
rotationally-broadened Voigt function to the C iiλ4267,
C iiλ6578, and He iλ6678 lines. The uncertainties were es-
timated through a bootstrapping analysis involving the set
of normalized flux measurements (I/Ic) spanning each line.
A random sample of 61 per cent of the data points was se-
lected to be removed at each iteration. These points were
then replaced by another set that was randomly sampled
from I/Ic. The fitting routine was then repeated on this
new data set. 1000 iterations of the bootstrapping routine
were carried out and a probability distribution was obtained
for each fitting parameter. The uncertainties in each of the
fitting parameters were then taken as the 3σ standard devi-
ations associated with each probability distribution.
The value of vr inferred from C iiλ4267 was found to
exhibit a median uncertainty of 1.5 km s−1 and a standard
deviation of 1.4 km s−1. Larger uncertainties were derived
using He iλ6678 and C iiλ6578 ranging from 1− 53 km s−1.
Similarly, vr inferred from C iiλ6578 and He iλ6678 yielded
larger standard deviations of 9 and 18 km s−1, respectively.
In the case of He iλ6678, the decrease in precision and in-
crease in scatter relative to the more stable C iiλ4267 mea-
surements is likely the result of the intrinsic line variability.
No significant vr variability was detected using C iiλ4267
(〈vr〉 = 21 ± 2 km s−1), C iiλ6578 (〈vr〉 = 30 ± 15 km s−1),
or He iλ6678 (〈vr〉 = 30± 8 km s−1).
The radial velocities of the two A stars were calculated
from Stokes I profiles produced using the Least Squares De-
convolution (LSD) method (Donati et al. 1997; Kochukhov,
Makaganiuk & Piskunov 2010). The LSD line mask used to
carry out the procedure was compiled using data taken from
the Vienna Atomic Line Database (VALD) (Kupka et al.
2000). In order to isolate the A stars from the dominant B
star component in the Stokes I LSD profiles, we used a line
list associated with an 8000 K star having a surface gravity
of log g = 4.0 (cgs) and a microturbulence of vmic = 0. Fig. 1
shows the LSD profiles generated using a different line mask
in which both the A and B star components are apparent.
The majority of the radial velocities were then determined
by simultaneously fitting two Gaussians to the sharp com-
ponents of the Stokes I profiles. In the case of the Narval
observation obtained at HJD = 2456224.646, the sharp line
profiles were completely blended and the radial velocities
were estimated by fitting a single Gaussian and adopting
the resultant velocity for both components. The vr errors
were estimated using a 1000 iteration bootstrapping analy-
sis. We note that the contribution of the B star to the Stokes
I LSD profiles was generally weak; however, in certain ob-
servations, small contributions were present which resulted
in small deformations in the continuum between the two A
star profiles. In these cases, the A star line appearing clos-
est to these deformations was more affected than the other
A star thereby yielding slightly higher uncertainties in the
fitting procedure. The values of the two A stars’ radial ve-
locities were found to range from −30.4 to 78.6 km s−1 with
an average uncertainty of 2.4 km s−1.
The spectral characteristics of the two A-type compo-
nents are nearly identical; therefore, it is not possible to un-
ambiguously attribute a particular line profile in each spec-
trum to a particular star. Nevertheless, the importance of
this ambiguity can be reduced by making simplifying as-
sumptions.
First, we assumed that the two A stars are gravitation-
ally bound and therefore orbit a common center of mass
(having a radial velocity vcm) with a period Porb. Further-
more, we assumed that the orbits are circular implying that
the A star vr variations are purely sinusoidal and described
by
vr,i(t) = vcm +Ki sin (2pit/Porb + φi) (1)
where Ki and φi are the semi-amplitude and phase shift
of the ith A-type component, respectively. The fact that
the radial velocities are observed to oscillate symmetri-
cally about a constant average radial velocity of 〈vr,A〉 =
(vr,1 + vr,2)/2 = 25 ± 3 km s−1 suggests that (1) K1 = K2
and (2) |φ1 − φ2| = pi. With these assumptions, we applied
the following procedure:
(i) define a grid of possible orbital periods;
(ii) define an amplitude and phase shift of the radial ve-
locity variations based on the maximum observed vr
separation;
(iii) for every period, determine which sinusoidal model the
blue and red shifted spectral lines must be associated
with in order to minimize the residuals.
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Table 3. Unpolarized spectra obtained using FEROS. The SNRs per 2.8 km s−1 pixel listed in column 3 are estimated from the RMS
of the continuum near λ = 5400 A˚. The fourth, fifth, and sixth columns list the radial velocities of the three stellar components (see
Section 3.1).
HJD Total Exp. RMS vr,B vr,A1 vr,A2
Time (s) SNR (km s−1) (km s−1) (km s−1)
2456656.568 300 271 19.5± 1.6 75.4± 2.4 −25.4± 1.5
2456656.609 600 315 20.9± 1.4 76.0± 2.1 −26.2± 1.1
2456658.535 600 262 19.2± 1.9 10.3± 3.1 39.2± 2.9
2456658.542 124 145 19.2± 2.7 10.1± 1.8 39.2± 1.5
2456658.679 300 215 20.5± 1.8 2.9± 1.8 46.5± 2.5
2456658.683 300 200 21.8± 1.8 2.8± 1.7 46.5± 3.0
2456658.686 300 195 22.3± 1.5 2.8± 1.7 46.8± 2.0
2456658.690 300 178 20.2± 2.0 2.2± 2.1 47.0± 2.4
2456658.694 300 215 20.9± 1.8 2.3± 2.3 47.2± 2.7
2456658.698 300 248 21.4± 1.5 2.1± 2.0 47.4± 2.9
2456658.701 300 219 20.4± 1.7 1.9± 1.8 47.6± 2.1
2456658.702 300 181 21.3± 1.6 1.6± 2.3 47.6± 1.6
2456658.709 300 286 21.8± 1.9 1.3± 1.5 48.1± 2.2
2456658.713 300 251 21.5± 3.3 1.3± 2.3 48.1± 2.4
2456658.763 600 252 19.7± 1.6 −1.5± 4.7 51.1± 2.4
2456659.628 600 267 18.4± 1.6 −29.3± 1.3 77.8± 2.3
2456659.671 300 222 19.1± 1.5 −29.9± 1.2 78.1± 1.7
2456659.677 400 284 19.6± 1.6 −30.1± 1.5 78.3± 1.8
2456659.682 300 233 19.9± 1.9 −30.0± 1.6 78.5± 2.3
2456659.685 300 209 19.7± 1.7 −29.8± 1.3 78.0± 1.6
2456659.689 300 299 18.8± 1.8 −29.9± 1.7 78.0± 1.6
2456659.693 300 245 17.5± 2.9 −30.3± 1.9 78.1± 2.0
2456659.697 300 310 19.9± 1.7 −30.0± 1.1 78.1± 1.3
2456659.700 300 240 20.5± 1.7 −30.1± 2.0 78.2± 1.8
2456659.704 300 222 20.4± 1.6 −30.1± 1.6 78.1± 1.9
2456659.708 300 231 20.7± 2.0 −30.2± 1.3 78.2± 1.3
2456659.746 600 300 20.5± 1.5 −29.8± 1.3 78.0± 1.4
2456660.614 600 249 20.6± 1.6 −4.4± 3.6 53.2± 4.3
2456660.653 600 276 21.6± 1.6 −2.4± 3.1 51.7± 4.1
2456660.724 600 265 21.5± 1.6 1.1± 2.7 48.1± 2.9
2456660.763 600 299 19.7± 1.7 2.8± 2.2 46.5± 3.1
2456660.801 600 250 21.5± 2.0 5.1± 1.9 43.9± 2.6
The two components in each observation were then identi-
fied using whichever period returned the minimal residual
fit. A traditional period fitting routine (e.g. Lomb-Scargle)
could then be applied to the vr time series of each star sep-
arately thereby yielding more precise periods, amplitudes,
and phase shifts for each model.
We chose a grid of periods ranging from 0.1 to 10 d in
increments of 10−5 d (∼ 1 s). The amplitudes (K1 = K2)
and phase shifts (φ1 = |φ2 − pi|) were defined by the maxi-
mum vr separation of 109 km s
−1 (i.e. phase 0.994 where this
phase corresponds to the phase of the B star’s maximum
longitudinal magnetic field derived in Section 5). The anal-
ysis then involves assigning radial velocities to each of the A
star components based on a best-fitting period of 5.6687d.
An alternative means of identifying the orbital period uses
the fact that the quantity |vr,1 − vr,2| varies with a period
of 2Porb, as outlined by Hareter et al. (2008). Applying this
method yields a similar value of Porb = 5.6680(6) d.
With the radial velocities of the two A stars correctly as-
signed to each individual component, a more precise analysis
of the binary orbital parameters was carried out using or-
bitx, a fortran code later adapted to idl which determines
the best-fitting Porb, time of periastron passage (T ), eccen-
tricity (e), longitude of the periastron (ω), semi-amplitudes
of each component’s radial velocities (K1 and K2), and
the radial velocity of the center of mass (γ) (Tokovinin
1992). This calculation yielded Porb = 5.66866(6) d, T =
2456658.172 ± 1.652, e = 0.003+0.006−0.003, ω = 82 ± 105°,
K1 = 55.5 ± 0.4 km s−1, K2 = 52.7 ± 0.4 km s−1, and
γ = 26.5 ± 0.2 km s−1. These results imply a mass ra-
tio of M1/M2 = 1.05 ± 0.02, a projected total mass of
(M1+M2) sin
3 i = 0.186±0.008, and a projected semi-major
axis of a sin i = 0.0564 ± 0.0008. These values are listed in
Table 4. Fig. 2 shows the radial velocities of the A stars
phased by the 5.66866 d orbital period and compared with
the radial velocities computed from the orbital solution.
Comparing 〈vr,A〉 = 25 ± 3 km s−1 with the average B
star vr of 20.5 ± 1.6 km s−1 and noting that no significant
variability in 〈vr,A〉 was detected over the 22 year observing
period implies a very long orbital period of the A binary
about the B star. A lower limit for this period is derived in
Section 3.2.
3.2 SED fitting
Photometric fluxes of HD 35502 have been measured
throughout the UV, visible, and near infrared spectral re-
gions thereby allowing the temperatures and radii of the
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Figure 1. ESPaDOnS, Narval, and FEROS Stokes I LSD profiles
(right) and dynamic Stokes I LSD profiles (left) generated such
that the three spectral components are emphasized. The obser-
vations are phased by the A star orbital period of 5.66866(6) d.
The vertical dashed black lines indicate the surface of the B star
located at v = ±v sin i = ±75 km s−1. The dashed black sinusoids
correspond to the fits obtained for vr of the two A stars.
Figure 2. Top: The nearly sinusoidal fits to the radial velocities
of the two A stars phased by a period of 5.66866 d. Bottom: The
reduced χ2 distribution yielded by the period fitting routine ap-
plied to one of the A stars. The 5.66866 d period is indicated by
the red arrow.
three stellar components to be constrained. Ultraviolet mea-
surements were previously obtained at four wavelengths –
1565 A˚, 1965 A˚, 2365 A˚, and 2749 A˚ – by the S2/68 instru-
ment on board the TD1 satellite (Thompson et al. 1978).
Photometry spanning the visible spectrum were taken from
the Geneva Observatory’s catalogue of U , B, V , B1, B2, V1,
and G filters (Rufener 1981). Additionally, infrared obser-
vations obtained by 2MASS (J , H, and Ks filters) (Skrut-
skie et al. 2006) and WISE (W1 and W2 filters) (Wright
Table 4. Orbital parameters of the A+A binary.
Porb (d) 5.66866(6)
T 2456658.172± 1.652
e 0.003+0.006−0.003
ω (°) 82± 105
K1 (km/s) 55.5± 0.4
K2 (km/s) 52.7± 0.4
γ (km/s) 26.5± 0.2
M1/M2 1.05± 0.02
(M1 +M2) sin
3 i (M) 0.186± 0.008
a sin i (AU) 0.0564± 0.0008
et al. 2010) were used. The reported Geneva, 2MASS,
and WISE magnitudes were converted to the flux units of
ergs s−1 cm−2 A˚
−1
using the zero points reported by Rufener
& Nicolet (1988), Cohen, Wheaton & Megeath (2003), and
Wright et al. (2010).
The reported photometric measurements of HD 35502
include the contributions from each of the three stellar com-
ponents. This renders an SED fitting analysis particularly
susceptible to degenerate solutions; however, speckle inter-
ferometry measurements obtained by Balega et al. (2012)
provide additional photometric constraints on the system.
They detected magnitude differences of 1.45± 0.02 mag and
1.21± 0.02 mag using filters centered on 5500 A˚ and 8000 A˚,
respectively. The sources were reported to have angular sep-
arations of 69± 1 mas and 68± 1 mas in the two filters. The
speckle companion is also identifed in observations obtained
by Horch et al. (2001) with a consistent angular separation
of ρ < 59 mas.
In conjunction with the distance to HD 35502, the an-
gular separations may be used to determine the associated
linear separation. A distance of d = 430±120 pc was inferred
from the 2.35 ± 0.68 mas Hipparcos parallax (van Leeuwen
2007). However, assuming HD 35502 to be a member of the
Orion OB1a subassociation, we inferred a moderately more
precise value of 400±80 pc based on the subassociation’s re-
ported average distance modulus of 〈dm〉 = 8.00± 0.46 mag
(Brown, de Geus & de Zeeuw 1994). The projected linear
separation between the two speckle sources was then found
to be 27± 5 AU. The minimum orbital period of the A star
binary system around the B star can then be approximated
by assuming upper limit masses of 8M and 3M for the B
and A stars, respectively (the actual masses are derived in
Section 8). This implies an orbital period of Porb & 40 yrs,
which is consistent with the fact that no significant varia-
tions were detected in either the B star radial velocities or
the A star binary’s systemic radial velocity.
The observed photometry was fit using atlas9 syn-
thetic spectral energy distributions (SEDs) generated from
the atmospheric models of Castelli & Kurucz (2004). The
grid consists of models with effective temperatures ranging
from 3.5 − 50.0 K and surface gravities spanning log g =
0.5 − 5.0 (cgs), as described in detail by Howarth (2011).
This grid was linearly interpolated in order to produce mod-
els with a uniform temperature and surface gravity res-
olution of 125 K and 0.01 dex for Teff = 5 − 25 kK and
log g = 3.0 − 4.75 (cgs). All of the SEDs were then mul-
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Figure 3. Marginalized posterior probability distributions re-
turned by the MCMC algorithm that was applied to the SED
fitting. Each frame demonstrates the correlations that are appar-
ent between various parameters, while the vertical and horizontal
blue lines indicate the value of each parameter associated with
the maximum likelihood solution (i.e. TB , TA, RB , and RA). The
contours approximately correspond to 1−3σ confidence regions in
increments of 0.5σ; σTB , σTA , σRB , and σRA indicate the value
of each parameter’s 1σ region.
Figure 4. Comparisons between the observed photometry (red
points) and the model SED (solid black curve). The dashed blue
and dot-dashed black curves correspond to the model SEDs of the
composite A star components (i.e. 2FA(λ)) and the B star, respec-
tively. The black crosses indicate the flux obtained by multiplying
the model SED by the transmission function of the associated fil-
ter.
tiplied by the transmission functions associated with each
of the narrow band filters: TD1 UV (Carnochan 1982),
Geneva (Rufener & Nicolet 1988), 2MASS (Cohen, Wheaton
& Megeath 2003), and WISE (Wright et al. 2010).
Modelling the photometry of un-resolved multi-star sys-
tems using synthetic SEDs requires a large number of fit-
ting parameters and therefore the solution is expected to be
highly degenerate. The contribution to the total flux from
each of the three stellar components depends on, among
other factors, their effective temperatures, surface gravities,
and radii. In order to reduce the number of solutions, we
adopted a solar metallicity and a microturbulence velocity
of vmic = 0 km s
−1. As with many Bp stars, HD 35502’s pri-
mary exhibits chemical spots on its surface (see Section 6);
however, on average, a solar metallicity may be adopted.
The high-resolution spectra of HD 35502 obtained by
Narval, ESPaDOnS, and FEROS suggest that the two cooler
A star components are approximately identical in terms of
their Teff , log g, and line-broadening parameters (see Sec-
tion 3.3). If we assume that the two A stars contribute
identically to the SED, the number of independent mod-
els required in the fitting routine is reduced from three to
two thereby resulting in a total of six free parameters: Teff ,
log g, and the stellar radius, R, for both the B star and the
(identical) A stars.
The effective temperature of a star inferred from fit-
ting model SEDs to photometry is highly dependent on the
assumed colour excess, E(B−V ). Given HD 35502’s proba-
ble location within the Orion OB1a association (Landstreet
et al. 2007), the extinction caused by gas and dust is ex-
pected to be significant. Indeed, Sharpless (1952) and Lee
(1968) report values (without uncertainties) of E(B−V ) of
0.13 and 0.14, respectively. We used the method of Cardelli,
Clayton & Mathis (1989) with an adopted to selective to-
tal extinction ratio of R(V ) = 3.1 in order to deredden the
observed photometry. Small differences in the resulting best-
fitting parameters of < 3 per cent were found by using an
E(B − V ) of 0.13 or 0.14. Although we investigated how
our analysis was affected by varying the colour excess from
0.0− 0.2, the final effective temperatures are reported after
assuming E(B − V ) = 0.14.
We found that a Markov Chain Monte Carlo (MCMC)
fitting routine provided a suitable means of determing the
most probable solution while simultaneously revealing any
significant degeneracies. This was carried out by evaluating
the likelihood function yielded by a set of randomly selected
fitting parameters drawn from a prior probability (see e.g.
Wall & Jenkins 2003). For each iteration, the derived likeli-
hood is compared with that produced by the previous iter-
ation. If a new solution is found to yield a higher quality of
fit (higher likelihood), these parameters are adopted, other-
wise, the previous solution is maintained. In order to broadly
sample the solution space, the MCMC algorithm is designed
to adopt poorer fitting solutions at random intervals thereby
preventing a local (but not global) maximum likelihood from
being returned.
Uniform prior probability distributions (flat priors)
were defined for Teff , log g, and R, where the latter was
constrained within 1.0 − 10.0R. The two speckle obser-
vations (Balega et al. 2012) were then included in the total
prior probability as monochromatic flux ratios (i.e. magni-
tude differences) at 5500 A˚ and 8000 A˚. We assumed that
the reported 0.02 mag uncertainties correspond to 1σ signif-
icance. The marginalized posterior probability distributions
produced after 106 iterations in the Markov Chain are shown
in Fig. 3.
The most probable effective temperatures for the B
and A star models were found to be 18.4 ± 1.2 kK and
8.9±0.6 kK, respectively, where the uncertainties correspond
to the 93rd percentile (approximately 2σ). The fitting pa-
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Figure 5. Top: Comparisons between the best-fitting synthetic (red) and observed (black) H lines, Hγ (left) and Hβ (right). The filled
blue region indicates the total uncertainty associated with log gB and log gA. The observations occur at phase 0.49 in the B star’s
rotational period (see Section 4) when the weakest emission is visible in the wings of Hβ. Bottom: The residuals associated with the
model spectrum (red).
Figure 6. A subsample of the wavelength region used to deter-
mine the luminosity ratio, LB/LA. The red curve corresponds to
the best-fitting model spectrum; the filled blue region indicates
the total uncertainty associated with a vB sin i of ±5 km s−1 as
determined by fitting various metal lines. The black curve shows
the observed spectrum. The Fe iλ4273 lines of the two A star
components are labeled as ‘A1’ and ‘A2’.
rameters used to derive the stellar radii, RB and RA, de-
pend on the distance to HD 35502 (i.e. as a scaling factor
given by R2∗/d
2). Although the posterior probability dis-
tributions for RB and RA both yield 2σ uncertainties of
0.2R, the consideration of the relatively large distance un-
certainty (d = 400 ± 80 pc) implies larger uncertainties of
δRB = 0.6R and δRA = 0.4R. The most probable radii
and their uncertainties found from the MCMC analysis are
then given by RB = 3.0 ± 0.6R and RA = 2.1 ± 0.4R.
The derived temperatures and stellar radii are listed in Ta-
ble 5. The analysis was insensitive to changes in log g as
indicated by an essentially flat posterior probability distri-
bution; therefore, no definitive surface gravity can be re-
ported. Comparisons between the observed photometry and
the best-fitting model are shown in Fig. 4, where we have
adopted log g = 4.3 for both the A and B models as derived
in Section 3.3.
The model B star flux (FB) and the model binary A star
flux (2FA) can be used to verify our initial assumption that
the two components detected in the speckle observations do
indeed correspond to the central B star and the A star binary
system. The models can be compared with the speckle ob-
servations by calculating the flux ratios, 2FA(λ)/FB(λ), at
the speckle observation wavelengths. Both FA(λ) and FB(λ)
are integrated over wavelength intervals of 200 A˚ and 1000 A˚
(i.e. the FWHM of the filters used by Balega et al. 2012)
centered at 5500 A˚ and 8000 A˚, respectively. We then ob-
tain magnitude differences of ∆msyn(5500 A˚) = 1.46 and
∆msyn(8000 A˚) = 1.23. These values yield a negligible dis-
crepancy with the speckle observations of 1 per cent at
λ = 5500 A˚ and 2 per cent at λ = 8000 A˚.
3.3 Spectral line fitting
Several properties of HD 35502’s three stellar components
may be estimated through comparisons with synthetic spec-
tra (e.g. the surface gravity, line broadening characteristics,
etc.). We carried this out using local thermodynamic equi-
librium (LTE) models generated with synth3 (Kochukhov
2007). The code computes disc-integrated spectra using
spectral line data provided by VALD (Kupka et al. 2000)
obtained using an extract stellar request for a specified effec-
tive temperature, surface gravity, and microturbulence ve-
locity in conjunction with atlas9 atmospheric models (Ku-
rucz 1993). The synthetic spectra can then be convolved
with the appropriate functions in order to account for in-
strumental and rotational broadening effects.
The ESPaDOnS, Narval, and FEROS observations were
normalized using a series of polynomial fits to the contin-
uum. The relatively shallow (≈ 5 per cent of the continuum)
and narrow lines produced by the two A stars made the
spectral line modelling inherently uncertain. For instance,
the typical root mean square of the continuum near the A
stars’ Mg iλ4703 lines was found to be approximately 14 per
cent of the line depth. Thus, the SNRs of the majority of the
© 2002 RAS, MNRAS 000, 1–??
HD 35502’s magnetic B5IVpe primary 9
Table 5. Stellar parameters of HD 35502.
Sp. Type1 B5IVsnp+A+A
pi (mas)2 2.35± 0.68
〈dm〉 (mag)3 8.00± 0.46
d (pc) 400± 80
Photometry
V (mag)4 7.331± 0.004
E(B − V ) (mag)5 0.14
B Star Parameters
Teff (kK) 18.4± 0.6
log(g) (cgs) 4.3± 0.2
v sin i (km s−1) 75± 5
logL/L 3.0± 0.3
M/M 5.7± 0.6
Rp/R 3.0+1.1−0.5
Req/R 3.1+1.8−0.4
τage (Myr) 20± 20
Prot (d) 0.853807(3)
A Star Parameters
Teff (kK) 8.9± 0.3
log(g) (cgs) 4.3± 0.3
v sin i (km s−1) 12± 2
logL/L 1.4± 0.3
M/M 2.1± 0.2
R/R 2.1± 0.4
τage (Myr) < 630
Table references: 1Abt & Levato (1977), 2van Leeuwen (2007),
3Brown, de Geus & de Zeeuw (1994), 4Rufener (1981), 5Lee
(1968).
A star lines were relatively low. This was mitigated to some
extent by binning the observed spectra with a bin width of
≈ 0.03 A˚ (i.e. 2 pixels). In order to account for the instru-
mental profile of the ESPaDOnS and Narval observations,
the synthetic spectra were convolved with a Gaussian func-
tion assuming a resolving power of R = 65 000; similarly,
the FEROS spectra were fit after convolving the synthetic
spectra assuming R = 48 000.
The quality of fit yielded by the total normalized
synthetic spectrum (Ftot) depends not only on Teff of
the three models but also on their (relative) luminosities:
Ftot = (
∑
i LiFi)/
∑
i Li, where Li and Fi are the luminosi-
ties and synthetic spectra of the ith component. We adopted
the 18.4 kK and 8.9 kK values associated with the B and two
A stars obtained from the SED fitting (Section 3.2). More-
over, we assumed that the luminosities of the two A stars are
equal, thereby reducing the number of degrees of freedom in
the spectral line fitting analysis.
With Teff specified, the stellar luminosities can be es-
timated through various methods. We found that the best
results were obtained by letting the luminosity ratio of the
B and A star models, LB/LA, be a free parameter and sub-
sequently finding the minimum χ2 fit for a given surface
gravity (log g) and rotational broadening (v sin i). This was
carried out using the observed spectra for which the two A
stars were most widely separated in wavelength (phase 0.994
Figure 7. Comparisons between best-fitting model (red) and ob-
served (black points) Fe ii (left) and Mg i (right) lines used to
constrain the surface gravity and rotational broadening of the
two A stars; the filled blue region indicates the total uncertain-
ties associated with vA sin i and log gA. The phase corresponds to
the maximum observed separation between the two binary com-
ponents.
in Fig. 2) in the wavelength range of 4200−4300 A˚. This re-
gion was chosen because of the presence of the strong and es-
sentially non-variable C ii line produced by the B star along
with many A star lines of various elements (e.g. Fe, Ti, Cr,
Mn). Most importantly, this wavelength range is free of B
star lines exhibiting obvious chemical abundance anomalies
and variability such as those observed from He. A subsam-
ple of this region containing C iiλ4267 is shown in Fig. 6.
This technique yielded LB/LA = 5.2, which is consistent
with the median value implied by the SED fitting analysis
– within 4000 A˚ 6 λ 6 6000 A˚ – of 8.4+4.1−2.4. Ultimately, us-
ing an LB/LA of 5.2 instead of 8.4 produced a moderate
increase of 1.1σ in the best-fitting solution’s overall quality
of fit.
log g and v sin i of HD 35502’s three components were
then fit using various B and A star lines while recalculating
the best-fitting LB/LA for every change in the parameters.
As a result of the presumed chemical peculiarities and line
variability of the B star (see Section 6) and the limited num-
ber of lines, log gB could not be reliably constrained using He
or metal lines (e.g. Mg i and Mg ii). Instead, we relied upon
the wings of the strong and broad Balmer lines. In particu-
lar, the observations of Hβ, Hγ, and Hδ obtained at a phase
of 0.49 in the B star’s rotational period (the phase of mini-
mum emission) were used in order to minimize the effects of
emission. Several metal lines were used to constrain vB sin i
such as C iiλ4267, S iiλ5640, and Fe iiλ5780. log gB and
vB sin i were found to be 4.3 ± 0.2 (cgs) and 75 ± 5 km s−1,
respectively. Examples of the best-fitting model spectra are
shown in Fig. 5; the adopted range in vB sin i is shown in
Fig. 6.
The surface gravity and rotational broadening of the
two A stars were fit simultaneously using several Fe ii and
Mg i lines. Their best-fitting log g and v sin i values were
found to be 4.3 ± 0.3 (cgs) and 12 ± 2 km s−1, respectively.
Two examples of the modelled A star lines are shown in
Fig. 7.
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3.4 Hertzsprung-Russell Diagram
The masses, ages, and polar radii of HD 35502’s three stellar
components may be estimated by comparing their positions
on the Hertzsprung-Russell diagram (HRD) with theoretical
isochrones.
In order to determine the B star’s luminosity, we used
the 18.4 ± 0.6 kK effective temperature and 3.0 ± 0.6R
radius derived from the three star SED fit discussed in Sec-
tion 3.2. The Stefan-Boltzmann law then yields a luminosity
of logL/L = 3.0+0.4−0.5. Similarly, the position of the A stars
on the HRD can be identified using Teff = 8.9± 0.3 kK and
RA = 2.1 ± 0.4R. We calculate an A star luminosity of
logL/L = 1.4 ± 0.3. The HRD positions of the B and A
stars are shown in Fig. 8.
The masses (M) and polar radii (Rp) associated with
a given Teff and logL/L were determined using a grid
of Geneva model isochrones generated by Ekstro¨m et al.
(2012). The grid is calculated for the evolutionary timescale
beginning with the zero-age main sequence up until the core
carbon-burning phase for masses of 0.8 − 120M. The mi-
croturbulence velocity was fixed at vmic = 0.0 km s
−1 and a
solar metallicity of Z = 0.014 was assumed. In the case of
HD 35502’s central B star, the ratio of the angular velocity to
the critical angular velocity, Ω/Ωc, is known to be significant
based on the 0.853807(3) d rotational period (see Section 4).
Its position on the HRD was therefore compared against sev-
eral additional grids calculated using Ω/Ωc = 0.4 − 0.9 in
increments of 0.1 (Georgy et al. 2013). While no significant
difference in the inferred M was apparent (i.e. < 4 per cent),
Rp was found to decrease by as much as 15 per cent.
In order to select the most accurate grid of isochrones
and thus, the most accurate Rp, Ω/Ωc must first be esti-
mated. Since Ωc depends on both the mass and polar ra-
dius, it was calculated using the parameters derived from
each grid of isochrones. Using Prot inferred in Section 4 to
determine Ω, a range of Ω/Ωc values were found. The appro-
priate grid was then chosen based on whichever Ω/Ωc most
closely agreed with the Ω/Ωc associated with the isochrone
grid. A calculated Ω/Ωc of 0.53 yielded the best agreement;
we found Rp,B = 3.0
+1.1
−0.5 R and MB = 5.7± 0.6M using
the Ω/Ωc = 0.5 isochrones. These results imply an equa-
torial radius of Req,B = 3.2
+1.6
−0.6 R. Using von Zeipel’s law
(von Zeipel 1924), we estimate that the ratio of Teff between
the pole and the equator is approximately 1.02.
The two A stars’ M and Rp were inferred using the
Ω/Ωc = 0.0 isochrone grid. The Teff and logL/L derived
from the three star SED fit then yielded Rp,A = 2.0
+0.8
−0.5 R
and MA = 2.1± 0.2M. We note that both Rp,B and Rp,A
are consistent with RB and RA derived in Section 3.2.
4 ROTATIONAL PERIOD
Several observed properties of HD 35502 exhibit periodic
variability with varying significance. In order to correctly in-
terpret the origin of these variations, it is crucial to identify
the periods, the phases at which the maxima and minima
occur, and amplitudes with which they occur. This was car-
ried out using the same procedure discussed in Section 3.1 in
which the orbital solution of the A star binary was derived.
We first assumed a sinusoidal fit to the data, f(t), given
Figure 8. The positions of HD 35502’s A and B star compo-
nents are indicated by the blue diamond and black square. The
evolutionary tracks (black dot-dashed lines) and isochrones (red
dotted lines) assume a non-rotating star of solar metallicity (Ek-
stro¨m et al. 2012).
by f(t) = C0+C1 sin (2pi[t− t0]/P + C2), where P is the pe-
riod of variability, t is the observation’s HJD, t0 is the HJD
corresponding to phase 0, and C0, C1, and C2 are fitting pa-
rameters. A χ2 distribution was then generated using peri-
ods ranging from 0.1 to 10.0 d in increments ∼ 1 s. The best-
fitting period was inferred from the minimal χ2 solution and
the 3σ χ2 interval was taken as the associated uncertainty.
The uncertainties in the three fitting parameters were esti-
mated using a 1 000 iteration bootstrapping analysis. The
statistical significance of each derived period was evaluated
by comparing the quality of the sinusoidal fit to that yielded
by a constant fitting function given by f(t) = C0, where C0
is a time-independent fitting parameter. The difference be-
tween the minimal χ2 values associated with the constant fit
(χ2const) and sinusoidal fit (χ
2
sin) were then calculated. Any
sinusoidal fit having χ2const−χ2sin > 3σ was considered to be
statistically significant.
Various periods were found when this procedure was ap-
plied to the longitudinal field measurements (〈Bz〉, see Sec-
tion 5) along with the multiple photometry and equivalent
width (EW) measurements (see Section 6). The analyses of
nearly all datasets yielded statistically significant variabil-
ity, with over half corresponding to a unique period near
0.85 d. They were found to be equal to one another within
≈ 10 sec with typical uncertainties . 10 s and were there-
fore averaged to obtain a period of 0.85382(7) d. However,
when the Hα EWs were phased with this period, the oldest
measurements showed an ≈ 0.1 phase offset relative to the
more recent measurements. This discrepancy was resolved
by adopting the best-fitting ephemeris derived from the Hα
EWs of
JD = 2456295.812850± 0.853807(3) · E (2)
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Figure 9. H, He+metal, He, C, Si, and Fe Stokes I and V LSD profiles generated from a Teff = 26 kK, log g = 4.0 (cgs) line mask. The
profiles are all phased by the B star’s rotational period of 0.853807 d.
where the reference JD (2456295.812850(3)) corresponds to
the epoch of 〈Bz〉maximum magnitude. Therefore, while the
general accuracy of the rotational period is established by
the diverse photometric, spectroscopic, and magnetic data
sets, the adopted value and its precision correspond to those
implied by the Hα EWs.
The periodic variability of 〈Bz〉 can be explained, in
part, as a consequence of a stable oblique magnetic field con-
figuration that is modulated by the star’s rotation. Similarly,
rotationally-modulated variations exhibited by the equiv-
alent widths of various spectral lines can be produced by
at least two mechanisms: (1) non-uniform distributions of
chemicals on the stellar surface and (2) hot plasma accu-
mulating in the star’s magnetosphere resulting in emission
and absorption. All of these phenomena are commonly ex-
hibited by magnetic B-type stars (e.g. Landstreet & Borra
1978; Leone et al. 2010; Bohlender & Monin 2011). There-
fore, we conclude that the ephemeris given by Eqn. 2 is the
B star’s rotational period.
5 MAGNETIC FIELD
Zeeman signatures produced by a magnetic star in the
HD 35502 system were detected in circularly polarized
(Stokes V ) ESPaDOnS and Narval observations. They were
found to be coincident with the B star’s spectral lines re-
gardless of the inferred velocities of the two A stars. We
therefore assumed the detected field to be entirely produced
by the B star.
The Stokes V Zeeman signature associated with Hβ
yielded 18 definite detections (DDs), 1 marginal detection
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(MD), and 7 non-detections (NDs) based on the detection
criterion outlined by Donati et al. (1997). The SNRs of the
observed signatures were optimized using the LSD procedure
(Donati et al. 1997; Kochukhov, Makaganiuk & Piskunov
2010) introduced in Section 3.1. A master line mask con-
taining He and metal lines was generated using data ob-
tained from VALD (Kupka et al. 2000) with a specified Teff ,
log g, and microturbulence velocity (vmic). All Balmer lines
were also removed along with any regions affected by atmo-
spheric absorption (i.e. telluric lines). Several single element
line masks were subsequently generated from the He+metal
mask by retaining only specific chemical elements includ-
ing He, C, Si, Fe, and Mg. Clearly, the magnitudes of 〈Bz〉
derived using different elements will be affected by any non-
uniform distribution of chemicals across the star’s surface.
Therefore, our analysis also includes measurements obtained
using H lines (both from LSD profiles and Hβ) which do not
typically exhibit non-solar abundances or non-homogeneous
surface distributions (i.e. chemical spots). A H line mask was
generated in which the H lines exhibiting moderate emission
(e.g. Hβ and Hα) were removed. The resultant mask con-
tained three H i lines: H iλ3970, H iλ4102, and H iλ4340.
Two approaches were used to isolate the B star lines
from the A star lines using LSD. The first method used
a mask generated with Teff = 15 kK, log g = 4.0 (cgs), and
vmic = 0 km s
−1 which yielded LSD profiles with clear Stokes
I contributions from all three stellar components. The nar-
row line components associated with the two A stars were
then fit by Gaussian functions which were subsequently
subtracted from the Stokes I profiles. We found that this
method could not be consistently applied to all observations.
Moreover, the quality of the Gaussian fits was dramatically
reduced when applied to the C, Si, and Fe line masks.
The second method used the same log g and vmic with
a significantly higher temperature of Teff = 26 kK. This
yielded LSD profiles with minimal contributions from the
two A stars. The Stokes I and V LSD profiles generated
using the Teff = 26 kK line mask for H, He+metal, He, C,
Si, and Fe are shown in Fig. 9, phased according to Eqn. 2.
Aside from the Si and Fe LSD profiles, no strong contribu-
tions from the A star Stokes I profiles can be discerned.
Each ESPaDOnS and Narval spectropolarimetric obser-
vation includes a diagnostic null which may be used to eval-
uate the significance of any polarized signal. No spurious
signals were detected in any of the diagnostic null profiles.
〈Bz〉 was inferred from each of the Stokes I and V LSD
profiles, as well as from Hβ, using equation (1) of Wade et al.
(2000). We used a wavelength of 500 nm with a Lande´ fac-
tor of 1.2 for the He and metal mask measurements and a
Lande´ factor of unity for the H mask and Hβ measurements.
The Doppler shift produced by the B star’s radial velocity
of ≈ 20 km s−1 was subtracted from each LSD profile. The
Stokes I and V profiles were then normalized to the con-
tinuum intensity at a velocity of v = −125 km s−1, where
the average Stokes V intensity is approximately zero. An
integration range of v ∈ [−110, 110] km s−1 was then used in
the calculation of 〈Bz〉 for each of the LSD profiles (i.e. H,
He+metal, He, C, Si, and Fe); for the H LSD profiles and
Hβ line, this integration range corresponds to the width of
the Doppler core. The values of 〈Bz〉Hβ inferred from the
Narval, ESPaDOnS, and dimaPol observations, along with
the status of their detections, are listed in Tables 1 and 2.
Figure 10. Hβ longitudinal magnetic field measurements phased
by the rotational period (Eqn. 2). The measurements obtained
from Narval (open circles), ESPaDOnS (filled circles), and
dimaPol (filled triangles) are shown along with the best fitting
sinusoid (solid black).
〈Bz〉 derived from the H, He, and metal LSD profiles are
listed in Table 7.
High resolution spectropolarimetry is essentially insen-
sitive to the polarization in the wings of the Balmer lines.
As an example of how the Doppler cores of Balmer lines
may be used to infer 〈Bz〉, see Fig. 2 of (Landstreet et al.
2015), who explain the method in some detail. Our mea-
surements obtained in the context of the current paper, as
well as those obtained by (Sikora et al. 2015), demonstrate
that this method results in longitudinal field intensity and
variability in good agreement with other approaches.
All of the 〈Bz〉 measurements were found to exhibit sta-
tistically significant varitions with best-fitting periods rang-
ing from 0.85380−0.85389 d. Only the 〈Bz〉 values obtained
using the Fe LSD profiles (〈Bz〉Fe) yielded more than one pe-
riod. Figures 10 and 11 show the 〈Bz〉measurements inferred
from Hβ and the LSD profiles, respectively, phased by the B
star’s rotational period (Eqn. 2). It is clear that the scatter
of the 〈Bz〉He, 〈Bz〉Si, and 〈Bz〉Fe measurements is signifi-
cantly larger than that yielded by 〈Bz〉H, 〈Bz〉He+metal, and
〈Bz〉C. This is likely caused by the presence of He, Si, and
Fe chemical spots which are commonly observed on the sur-
faces of Bp stars. As discussed in Section 6, we find strong
evidence for He and Si spots.
The mean and amplitude of the phased 〈Bz〉 mea-
surements are defined by the fitting parameters B0 and
B1 associated with the sinusoidal fitting function 〈Bz〉 =
B0 +B1 sin (2piθ + φ), where θ is the phase calculated using
Eqn. 2 and φ is the phase shift. The most precise B0 and
B1 values – as indicated by the uncertainties estimated us-
ing a 1 000 iteration bootstrapping analysis – were derived
using Hβ, and the H and He+metal LSD profiles. They
were found to be consistent within 2σ. The lowest uncer-
taintes were obtained from the 〈Bz〉H measurements, which
yielded a mean and amplitude of B0 = −1.41± 0.11 kG and
B1 = 1.64 ± 0.16 kG where the uncertainties correspond to
3σ.
If we assume that the field is characterized by an im-
portant dipole component, the sinusoidal variations in 〈Bz〉
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Figure 11. Longitudinal magnetic field measurements phased by the rotational period (Eqn. 2). The measurements obtained from the
H, He+metal, He, C, Si, and Fe line masks are shown along with their best fitting sinusoids (solid black). The fit to 〈Bz〉H is shown as
dashed black curves in the other panels.
imply that the dipole’s axis of symmetry is inclined (i.e.
has an obliquity angle β) with respect to the star’s rota-
tional axis. This interpretation, first described by Stibbs
(1950), is known as the Oblique Rotator Model (ORM).
Under the assumptions of the ORM, β can be calculated
from equation (3) of Preston (1967) which depends on
r ≡ |〈Bz〉|min/|〈Bz〉|max and the inclination angle, i, of the
star’s axis of rotation. The value of i can be determined us-
ing Prot given by Eqn. 2, v sin i = 75 ± 5 km s−1 derived in
Section 3.3, and Req = 3.2
+1.6
−0.6 R listed in Table 5. We ob-
tained a value of i = 24+8−9 °. The value of r was determined
from B0 and B1. Using the values inferred from the 〈Bz〉H
measurements, we obtained r = 0.08+0.09−0.07. Finally, the obliq-
uity angle was found to be β = 63 ± 13 ° using Eqn. (3) of
Preston (1967).
In addition to the obliquity, the strength of the mag-
netic field’s dipole component, Bp, can be calculated by in-
verting equation (1) of Preston (1967) and letting t = 0
correspond to 〈Bz〉max. We used a linear limb darkening
constant that was averaged over the values derived by van
Hamme (1993) for the U , B, V , R, and I bandpasses. These
specific filters were selected because of the approximate cor-
respondance with the ESPaDOnS and Narval wavelength
range. A value of u = 0.265 was obtained after interpo-
lating the published table for an effective temperature and
surface gravity of 18.4 kK and 4.3 (cgs). i, β, and u then
yield Bp = 14
+9
−3 kG. Similar obliquity angles and dipo-
lar field strengths are derived using Hβ along with the
He+metal, He, C, and Si LSD profiles. 〈Bz〉Fe exhibits sig-
nificantly weaker and more uncertain values of β = 33+36−27 °
and Bp = 8
+6
−3.
6 EMISSION AND VARIABILITY
Hot magnetic B-type stars are commonly found to exhibit
spectral line variability either as a result of chemical spots
(e.g. Kochukhov et al. 2015; Yakunin et al. 2015) or from
the presence of a hot plasma beyond the stellar surface (e.g.
Landstreet & Borra 1978). Furthermore, photometric vari-
ability correlated with both of these phenomena, as well as
with strong, coherent magnetic fields has been previously
reported (e.g. Shore et al. 1990; Oksala et al. 2010).
Along with the uvby photometric measurements listed
in Table 10, we also analyzed Hipparcos Epoch Photometry
for variability. The catalogue (Perryman et al. 1997) con-
tains 98 observations of HD 35502 which were obtained over
a period of 3.1 yrs. Three of these measurements have mul-
tiple quality flags reported and were therefore removed from
our analysis. The remaining measurements have an average
of 7.331 mag, a standard deviation of 0.011 mag, and an av-
erage uncertainty of 0.009 mag.
The period searching routine described in Section 4 was
applied to both the uvby and Hipparcos data sets. All of the
uvby measurements were found to exhibit statistically sig-
nificant variability; however, only u(v-c) and v(v-c) yielded
unique periods of 0.8537(3) d. The analysis of the Hippar-
cos magnitudes (Hp) resulted in a best-fitting period of
0.8630(2) d along with five other statistically significant pe-
riods ranging from 0.46 to 1.7 d. Fig. 12 shows the sinusoidal
fits to u(v-c), v(v-c), b(v-c), y(v-c), and Hp obtained when
phased by the B star’s 0.853807 d rotational period given by
Eqn. 2.
The variability of the spectral lines associated with
HD 35502’s central B star is most easily detected by cal-
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culating EWs. We carried this out for a number of lines for
which no significant absorption produced by the two A stars
was evident. This included He i, C ii, and Si iii lines. The
EWs of the He and metal lines were calculated using integra-
tion ranges of [−100, 100] km s−1 and were normalized to the
continuum just outside these limits. The Balmer line EWs
(Hα, Hβ, and Hγ) were measured by normalizing to the flux
at |v| & 700 km s−1 and integrating over a velocity range of
[−600, 600] km s−1. The uncertainties in the EW measure-
ments were then estimated using a bootstrapping analysis
with 1 000 iterations. All of the calculated EWs and uncer-
tainties are listed in and Tables 8 and 9.
The contributions of the two A stars to the total mea-
sured Balmer line EWs were approximated by comparing the
synthetic EWs associated with the synth3 models discussed
in Section 3.3. We found that the total synthetic spectrum
(including the B star and the two A stars) yielded EWs of
5.6 A˚ averaged over Hα, Hβ, Hγ, and Hδ. A similar calcu-
lation applied to the single B star model yielded average
Balmer line EWs of 4.7 A˚ suggesting that the presence of
the two A stars increase the EW measurements by a factor
of ≈ 1.2.
Statistically significant variations were detected from
EW measurements of Hα, Hβ, Hγ, He iλ4713, and
Si iiiλ4553. We note that telluric absorption lines were not
removed or minimized in the calculation of these EWs. A
range of best-fitting periods were derived; however, only the
Hα and He iλ4713 EW measurements yielded unique pe-
riods of 0.853807(3) d and 0.85377(3) d, respectively. The
strongest variability was measured from Hα for which an
amplitude of 0.51 ± 0.03 A˚ was derived. Similar variability
– both in terms of the phase of maximum emission and the
best-fitting period – was also detected in Hβ although, at
a much lower amplitude of 0.08 ± 0.01 A˚. The phased Hα
and Hβ EWs exhibit a maximum emission at a phase of
0.99 ± 0.04 and 0.0 ± 0.3, respectively, and are therefore in
phase with the 〈Bz〉 measurements. The He iλ4713 EWs
are approximately in anti-phase with respect to the 〈Bz〉
variation with minimum absorption occuring at a phase of
0.5± 0.1.
Along with EWs, dynamic spectra were also computed
by comparing various spectral lines with their respective av-
erage normalized intensity (〈I/Ic〉). Both the dynamic spec-
tra and the EWs of C iiλ4267, He iλ4713, Si iiiλ4553, Hβ,
and Hγ are shown in Fig. 13. It is evident that He iλ4713,
Si iiiλ4553, and to a lesser extent, C iiλ4267, show absorp-
tion features crossing from negative to positive velocities.
These features suggest the presence of chemical spots on the
B star’s surface. The most obvious spot is associated with
He i, which exhibits a maximum absorption at a phase of
0.0± 0.1 and is therefore coincident with the epoch of max-
imum 〈Bz〉 magnitude. Assuming that the star’s magnetic
field consists of a strong dipole component as discussed in
Section 5, this result suggests that He is more concentrated
near the field’s negative pole. Enhanced He abundances on
the surfaces of magnetic Bp stars have been commonly re-
ported to coincide with either the magnetic equator or mag-
netic poles (e.g. Neiner et al. 2003; Bohlender & Monin 2011;
Grunhut et al. 2012; Rivinius et al. 2013).
A similar plot of the dynamic spectrum and EWs of
Hα is shown in Fig. 14, where the additional DAO and
CFHT spectra are also included. In order to reduce nor-
Figure 12. Photometric observations obtained using various fil-
ters and phased by the B star’s rotational period of 0.853807 d.
The top four panels show the u(v-c), v(v-c), b(v-c), and y(v-
c) magnitude differences between HD 35502 (‘v’) and the non-
variable comparison star, HD 35575 (‘c’). The bottom panel shows
the Hipparcos Epoch Photometry measurements. The horizontal
dotted lines indicate the best constant fit to the data.
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Figure 13. Left: Dynamic spectra of various H i, He i, C ii, and
Si iii lines. A low-pass filter has been applied to the spectrum in
order to minimize the A star contributions and tellurics. Each set
of observations are compared with the average spectrum (dashed
red). Right: Measured equivalent widths associated with the lines
shown in the dynamic spectra plots. All of the measurements are
phased by the B star’s rotational period of 0.853807 d.
malization errors, all of the Hα spectra were consistently
normalized using a linear fit to the measured flux at ve-
locities of ±600 km s−1. The observed spectra are compared
with the synthetic spectrum (Isyn) discussed in Section 3.3
rather than the average observed spectrum. Isyn includes
the contributions from the A stars which move (in velocity
space) relative to the B star throughout the B star’s rota-
tional period. Therefore, this method results in a greater
contrast between the emission and absorption features as-
sociated only with the B star. Strong, nearly symmetrical
emission peaks are observed at a distance of ≈ 4R∗ at a
phase of 0.0. The intensity of this emission is observed to
decrease by a factor of ≈ 2 at a phase of 0.5. Similarly, the
ratio between the maximum core emission (at phase 0.25)
and minimum core emission (at phase 0.5) is also found to
be ≈ 2.
The standard interpretation of the broad Hα emission
peaks that are associated with a small number of magnetic
B-type stars is that they are produced by two dense clouds
of hot plasma, trapped in the magnetic field above the stel-
lar surface, which co-rotate with the star (e.g. Walborn &
Hesser 1976; Landstreet & Borra 1978). Under the assump-
tion that the cloud is optically thin, one would expect the
same blue shifted emission feature to be observed half a ro-
tational cycle later shifted towards redder wavelengths (e.g.
in Fig. 14, the blue emission peak occuring at phase 0.0
should reappear red shifted at phase 0.5). The fact that the
strength of both the blue and red shifted emission peaks de-
crease between phase 0.0 and phase 0.5 suggests that the
plasma clouds are, to an extent, optically thick. The rela-
tively large decrease in emission is currently unprecedented
amongst the known CM hosting stars; however, a more mod-
erate decrease in HR 5907’s Hα emission is shown in Fig. 15
of Grunhut et al. (2012).
Adopting the standard interpretation, the trajectories
of the Hα-emitting clouds may be approximately inferred
by fitting the velocities at which the peak emission is found
on either side of the Hα core as a function of rotational
phase. The resulting fits suggest that the plasma clouds
follow nearly circular trajectories as indicated by the two
dashed curves shown in Fig. 14. The mechanism by which
this plasma is confined is discussed in the following section.
7 MAGNETOSPHERE
As described by ud-Doula, Owocki & Townsend (2008), var-
ious characteristics of a star’s magnetosphere may be in-
ferred by comparing two parameters: the Kepler radius, RK ,
and the Alfve´n radius, RAlf . RK is the radius at which the
gravitational force is balanced by the centrifugal force in a
reference frame that is co-rotating with the star. RAlf char-
acterizes the point within which the magnetic field domi-
nates over the wind and approximately corresponds to the
extent of the closed field loops (ud-Doula & Owocki 2002;
ud-Doula, Owocki & Townsend 2008). Their ratio, RAlf/RK ,
can therefore be used to define a magnetosphere as either dy-
namical (RAlf/RK < 1) or centrifugal (RAlf/RK > 1) (Petit
et al. 2013). It also serves as an indicator of the volume of
the magnetosphere: those stars having comparatively larger
RAlf/RK will be capable of confining the emitted wind at
larger radii. Furthermore, since a stronger field would be
capable of confining more mass, a correlation between the
Alfve´n radius and the magnetosphere’s density may be ex-
pected.
Using the mass and rotational period of HD 35502’s B
star, we find a Kepler radius of RK = 2.1
+0.4
−0.7 R∗, where
R∗ is the stellar radius at the magnetic equator. We ap-
proximate R∗ using Req since this corresponds to the stel-
lar radius at the latitude where the plasma is expected to
accumulate. The Alve´n radius is estimated using equation
(9) of ud-Doula, Owocki & Townsend (2008) for a dipole
magnetic field. This expression requires the calculation of
the wind confinement parameter, η∗, which in turn depends
on the dipole magnetic field strength, the equatorial radius,
the terminal wind speed (V∞), and the wind mass loss rate
in the absence of a magnetic field (M˙B=0). Following the
recipe outlined by Vink, de Koter & Lamers (2000), M˙B=0
and V∞ are derived for a B star having 12.5 < Teff 6 22.5 kK
using V∞/Vesc = 1.3, where Vesc is the escape velocity.
We obtain M˙B=0 = (1.3
+6.0
−1.0) × 10−10 M/yr and V∞ =
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Figure 14. Top: Observed Hα spectrum (I/Ic, solid black curve)
compared with the average synthetic spectrum (dotted red). Mid-
dle: Dynamic spectra of I/Ic − Isyn where Isyn is the synthetic
spectrum. A low-pass filter has been applied to the spectrum in
order to minimize the A star contributions and tellurics. Bot-
tom: Measured equivalent widths of Hα using ESPaDOnS (open
red triangles), Narval (filled green triangles), FEROS (yellow
squares), CFHT f/8.2 spectrograph (filled blue circles), and DAO
(open black circles) observations. The black curve indicates the
best-fitting sinusoid. Both the EWs and dynamic spectra are
phased by the B star’s rotational period of 0.853807 d.
1100+40−110 km s
−1. Finally, η∗ is found to be (2.6+7.9−1.3) × 106
using the value of Bp derived from 〈B〉H, which then yields
RAlf = 41
+17
−6 R∗. The magnetospheric parameters associ-
ated with both the H and He+metal longitudinal field mea-
surements derived in Section 5 are listed in Table 6.
Given that the hot plasma surrounding HD 35502’s B
star is co-rotating with the star at a distance of ≈ 4R∗, i.e.
between RK and RAlf , it is likely that the plasma is being
confined by the strong magnetic field. Similar examples of
magnetic B-type stars producing H emission well beyond the
stellar radius (at distances of ≈ 2 − 4R∗) have been previ-
ously reported (e.g. Bohlender & Monin 2011; Oksala et al.
2012; Grunhut et al. 2012). In each of these cases, the star’s
Alfve´n radius exceeds its Kepler radius by approximately
an order of magnitude (Petit et al. 2013; Shultz et al. 2014).
Using the RAlf value obtained from the 〈B〉H measurements,
we derived an RAlf to RK ratio of 19
+20
−5 . Therefore, the fact
that we observe strong Hα emission is in agreement with
this RAlf/RK & 10 empirical limit.
Table 6. Magnetospheric parameters derived from 〈Bz〉H and
〈Bz〉He+metal measurements.
HLSD He+metalLSD
i (°) 24+8−9 24
+8
−9
β (°) 63± 13 66+9−13
Bp (kG) 14
+9
−3 15
+10
−4
M˙B=0 (M yr−1) (1.3+6.0−1.0)× 10−10 (1.3+6.0−1.0)× 10−10
V∞ (km s−1) 1100+40−110 1100
+40
−110
η∗ (2.6+7.9−1.3)× 106 (3.0+6.5−1.5)× 106
RAlf (R∗) 41+17−6 42
+14
−7
RK (R∗) 2.1+0.4−0.7 2.1
+0.4
−0.7
RAlf/RK 19
+20
−5 20
+18
−6
The magnetic confinement-rotation diagram compiled
by Petit et al. (2013) allows RK and RAlf to be understood
within the broader context of all known O and B stars that
host magnetospheres. Our characterization of the magne-
tosphere hosted by HD 35502’s B star suggests that it is
well within the centrifugal magnetosphere regime. Only two
other stars have been discovered exhibiting similar RAlf and
RK values within the derived RAlf > 40R∗ and 1.5 6 RK 6
2.5R∗. Although approximately four other stars have lower
limits of RAlf and RK that are consistent with HD 35502’s,
only HD 182180 (Rivinius et al. 2013) and HD 142184 (Grun-
hut et al. 2012) have reported upper and lower uncertainties.
These two examples have similar effective temperatures, sur-
face gravities, radii, and masses to HD 35502’s magnetic B
star. However, HD 182180 and HD 142184 are slightly faster
rotators (Prot ≈ 0.5 d) and host magnetic fields with weaker
dipolar components (Bp ≈ 10 kG).
8 CONCLUSION
The analysis presented here demonstrates a number of new
discoveries regarding the nature of HD 35502. The high res-
olution spectroscopic and spectropolarimetric observations
obtained using ESPaDOnS, Narval, and FEROS indicate
that it is an SB3 system containing a central magnetic B-
type star and two cooler A-type stars, all of which lie on
the main sequence. We confirm that HD 35502’s speckle
companion reported by Balega et al. (2012) is indeed the
A star binary system. Our analysis indicates that both the
A stars are physically nearly identical with a mass ratio of
1.05± 0.02, masses of 2.1M, and effective temperatures of
8.9 kK.
Based on radial velocity measurements, we find that
the two A stars form a binary system with an orbital period
of 5.66866(6) d. No radial velocity variations of the B star
were detected over the 22 year observing period, which can
be explained by the inferred orbital period of Porb & 40 yrs.
However, two other explanations can account for the lack of
detected radial velocity variations: (1) the inclination angle
associated with the A star binary’s orbit about the B star
may be ∼ 0 ° or (2) the A star binary may lie along the line
of sight but not be gravitationally bound to the B star. A
number of factors favour the triple system description such
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as the consistent flux ratios between the three components
derived here. Specifically, if the two A stars are significantly
closer or further than HD 35502’s 400±80 pc distance, they
would no longer lie on the main sequence. Furthermore, the
radial velocity of the Orion OB1a subassociation, of which
HD 35502 is most likely a member, has a reported velocity
of ≈ 24 km s−1 (Morrell & Levato 1991) and is therefore
consistent with both the B star’s average radial velocity of
21± 2 km s−1 and the radial velocity of the A star binary’s
center of mass (27± 3 km s−1).
Our analysis of HD 35502’s central B star revealed the
following:
(i) it has an effective temperature of 18.4 kK, a mass of
5.7M, and a polar radius of 3.0R;
(ii) it rotates relatively rapidly with a rotational period of
0.853807(3) d;
(iii) we detect a strong magnetic field and derive the mag-
nitude of its dipolar component (Bp ≈ 14 kG) and its
obliquity (β = 63 °);
(iv) it exhibits significant line variability in the form of emis-
sion and chemical spots. The emission is predominantly
observed in Hα at a distance of approximately four times
the stellar radius. Strong He abundance variations indi-
cate a higher concentration near the negative pole of the
magnetic field’s dipole component;
(v) we derive an Alfve´n and Kepler radii of RAlf ≈
41R∗ and RK ≈ 2.1R∗ unambiguously indicating that
HD 35502’s B star hosts a large centrifugally supported
magnetosphere.
Our analysis indicates that the ‘sn’ classification ap-
pearing in HD 35502’s historical B5IVsnp spectral type (Abt
& Levato 1977) is most likely related to the presence of the
sharp-lined binary companion along with the strong H emis-
sion. We therefore propose that this system be reclassified
as a B5IVpe+A+A system.
Stars hosting strongly emitting centrifugal magneto-
spheres can provide useful insights towards our understand-
ing of both stellar winds and stellar magnetism. Therefore,
it is important that these rare systems be studied in de-
tail. While this particular class of magnetic stars is certainly
growing, the number of confirmed examples are still insuf-
ficient to solve various outstanding issues. For instance, the
inferred magnetospheric material densities of CM-hosting
stars are largely inconsistent with currently predicted values
(e.g. Rivinius et al. 2013; Townsend et al. 2013; Shultz et al.
2014). Moreover, testing the validity of theoretical mod-
els describing the physical nature of these magnetospheres
(e.g. the Rigidly Rotating Magnetosphere model derived by
Townsend & Owocki 2005) requires detailed comparisons
with a diversity of observations such as those recently car-
ried out by Oksala et al. (2012, 2015).
We conclude that the strong variability – both in terms
of 〈Bz〉 and the observed line variability – makes HD 35502
a favourable subject of a magnetic Doppler imaging analysis
(Piskunov & Kochukhov 2002). However, any attempt would
require the three spectral components to be disentangled.
Our orbital solution provides the necessary first step towards
accomplishing this task.
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Table 7. Longitudinal field measurements derived using the LSD profiles that were generated from the ESPaDOnS and Narval spectra.
Columns 3 to 6 list 〈Bz〉 derived from H, He+metal, He, C, Si, and Fe LSD profiles. This table will appear only in the electronic version
of the paper.
HJD Instrument 〈Bz〉H 〈Bz〉He+metal 〈Bz〉He 〈Bz〉C 〈Bz〉Si 〈Bz〉Fe
(kG) (kG) (kG) (kG) (kG) (kG)
2454702.138 ESPaDOnS 0.39± 0.30 −0.27± 0.19 −0.53± 0.35 −0.52± 0.60 0.32± 0.38 0.09± 0.57
2455849.677 Narval −0.14± 0.26 0.12± 0.22 −0.96± 0.41 0.88± 0.60 1.91± 0.93 1.44± 0.65
2455893.623 Narval −2.75± 0.32 −2.96± 0.27 −3.47± 0.48 −2.29± 0.80 −2.53± 0.61 −0.56± 0.88
2455910.518 Narval −1.26± 0.74 −1.50± 0.55 −1.63± 1.04 −2.27± 1.60 0.17± 0.88 −1.15± 2.26
2455934.528 Narval −2.27± 0.28 −2.86± 0.29 −3.51± 0.56 −2.64± 0.73 −6.63± 1.57 −0.57± 0.94
2455936.534 Narval −2.04± 0.35 −2.21± 0.29 −2.93± 0.51 −1.27± 0.90 −3.25± 1.13 −2.82± 0.77
2455938.525 Narval 0.48± 0.32 −0.08± 0.25 −0.42± 0.45 0.11± 0.73 0.90± 0.54 1.83± 0.85
2455944.500 Narval 0.25± 0.37 0.30± 0.28 0.25± 0.53 1.05± 0.77 1.30± 0.54 1.94± 1.01
2455949.429 Narval −0.89± 0.28 −1.09± 0.24 −1.69± 0.44 −1.36± 0.81 −1.08± 0.51 −1.19± 0.81
2455950.472 Narval 0.41± 0.40 −0.10± 0.31 −0.86± 0.60 0.03± 0.96 1.57± 0.69 0.51± 0.80
2455951.471 Narval −0.62± 0.42 −1.37± 0.38 −2.03± 0.74 −1.34± 0.93 −1.18± 0.91 2.07± 0.95
2455966.376 Narval −2.45± 0.36 −2.39± 0.24 −2.52± 0.41 −2.91± 0.78 −2.70± 0.57 −1.54± 0.64
2455998.332 Narval 0.01± 0.44 0.26± 0.33 0.01± 0.58 −0.10± 1.07 0.35± 0.60 1.85± 1.12
2455999.362 Narval −1.56± 0.40 −2.18± 0.40 −3.01± 0.78 −1.84± 0.99 −2.86± 1.57 −0.45± 1.01
2456001.309 Narval −2.95± 0.34 −2.71± 0.24 −3.18± 0.43 −3.03± 0.79 −2.86± 0.75 −1.58± 0.80
2456003.329 Narval 0.18± 0.29 −0.30± 0.25 −0.67± 0.44 0.28± 0.76 0.23± 0.55 0.05± 0.82
2456202.665 Narval −2.78± 0.32 −2.97± 0.25 −3.75± 0.49 −3.26± 0.69 −3.15± 0.61 −1.24± 0.73
2456205.618 Narval −0.51± 0.35 −0.51± 0.28 −1.21± 0.53 0.36± 0.76 0.68± 0.67 −1.44± 0.78
2456224.646 Narval −0.43± 0.37 −0.09± 0.32 −0.26± 0.57 0.48± 1.08 −0.29± 0.58 0.92± 0.95
2456246.505 Narval −1.88± 0.36 −1.55± 0.28 −2.19± 0.52 −1.83± 0.77 −1.15± 0.79 −1.30± 0.73
2456293.881 ESPaDOnS −1.54± 0.30 −1.71± 0.26 −2.67± 0.56 −0.77± 0.62 −1.29± 0.70 0.11± 0.66
2456295.787 ESPaDOnS −3.78± 1.05 −1.89± 0.73 −3.29± 1.19 0.76± 2.22 −4.78± 1.73 0.55± 2.74
2456295.808 ESPaDOnS −3.07± 0.96 −2.58± 0.62 −2.71± 1.02 −3.48± 1.96 −2.35± 1.43 −1.95± 2.44
2456556.002 ESPaDOnS −1.11± 0.47 −1.43± 0.30 −2.00± 0.55 −0.04± 0.87 −0.46± 0.50 0.49± 0.93
2456557.140 ESPaDOnS −2.64± 0.39 −3.00± 0.25 −3.23± 0.44 −3.73± 0.76 −6.19± 1.16 −2.18± 0.69
2456560.077 ESPaDOnS 0.31± 0.40 0.27± 0.28 −0.23± 0.52 0.69± 0.83 1.48± 0.89 1.00± 0.65
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Table 8. Equivalent widths of Hα calculated using all of the DAO, CFHT f/8.2 spectrograph, Narval, ESPaDOnS, and FEROS spectra.
The uncertainties correspond to 3σ. This table will appear only in the electronic version of the paper.
HJD Instrument EWHα HJD Instrument EWHα
(A˚) (A˚)
2448529.029 DAO 2.77± 0.10 2455910.518 Narval 2.66± 0.08
2448582.005 CFHT f/8.2 3.11± 0.09 2455934.528 Narval 2.28± 0.10
2448582.103 CFHT f/8.2 3.09± 0.09 2455936.534 Narval 2.49± 0.08
2448582.901 CFHT f/8.2 3.09± 0.09 2455938.525 Narval 3.14± 0.09
2448582.999 CFHT f/8.2 3.05± 0.09 2455944.500 Narval 3.16± 0.09
2448583.112 CFHT f/8.2 2.64± 0.08 2455949.429 Narval 2.84± 0.10
2448597.819 DAO 1.81± 0.10 2455950.472 Narval 3.11± 0.10
2449592.079 CFHT f/8.2 3.10± 0.10 2455951.471 Narval 2.77± 0.08
2449592.086 CFHT f/8.2 3.04± 0.10 2455953.653 DAO 2.66± 0.09
2449593.086 CFHT f/8.2 3.14± 0.09 2455953.663 DAO 2.74± 0.09
2449593.097 CFHT f/8.2 3.14± 0.09 2455953.674 DAO 2.76± 0.09
2449594.055 CFHT f/8.2 2.67± 0.08 2455953.684 DAO 2.82± 0.09
2449594.067 CFHT f/8.2 2.59± 0.09 2455953.695 DAO 2.85± 0.10
2449682.777 DAO 2.86± 0.09 2455953.705 DAO 2.90± 0.09
2449682.832 DAO 2.65± 0.09 2455953.716 DAO 2.97± 0.10
2449682.879 DAO 2.48± 0.09 2455953.726 DAO 3.00± 0.10
2449682.912 DAO 2.35± 0.10 2455953.737 DAO 3.00± 0.09
2449682.951 DAO 2.28± 0.10 2455953.748 DAO 3.05± 0.10
2449682.976 DAO 2.14± 0.10 2455953.758 DAO 3.06± 0.10
2449682.999 DAO 2.09± 0.11 2455953.769 DAO 3.04± 0.10
2449684.754 DAO 2.05± 0.11 2455953.779 DAO 3.04± 0.10
2449684.800 DAO 2.05± 0.10 2455953.790 DAO 3.13± 0.10
2449689.861 DAO 2.11± 0.11 2455959.683 DAO 2.88± 0.10
2449689.908 DAO 1.99± 0.10 2455959.694 DAO 2.90± 0.10
2449690.749 DAO 2.02± 0.10 2455959.704 DAO 2.88± 0.10
2449690.796 DAO 2.08± 0.10 2455959.715 DAO 2.92± 0.10
2449690.842 DAO 1.93± 0.11 2455959.725 DAO 2.96± 0.10
2449690.864 DAO 2.29± 0.09 2455959.736 DAO 2.79± 0.11
2449690.917 DAO 2.34± 0.08 2455960.660 DAO 3.00± 0.11
2449690.983 DAO 2.64± 0.09 2455960.670 DAO 3.04± 0.10
2449691.006 DAO 2.83± 0.10 2455960.681 DAO 3.04± 0.11
2450767.881 DAO 3.07± 0.10 2455960.691 DAO 3.06± 0.10
2450768.849 DAO 2.80± 0.09 2455960.702 DAO 3.06± 0.11
2454702.138 ESPaDOnS 3.15± 0.10 2455960.712 DAO 3.05± 0.10
2455565.739 DAO 1.92± 0.11 2455960.722 DAO 3.03± 0.11
2455565.785 DAO 2.02± 0.11 2455960.733 DAO 3.05± 0.10
2455569.801 DAO 2.80± 0.09 2455960.743 DAO 2.98± 0.11
2455570.807 DAO 2.24± 0.11 2455960.754 DAO 3.00± 0.10
2455571.815 DAO 2.02± 0.10 2455960.764 DAO 3.03± 0.11
2455602.737 DAO 2.68± 0.09 2455960.775 DAO 2.97± 0.10
2455849.677 ESPaDOnS 3.18± 0.10 2455960.789 DAO 3.00± 0.11
2455849.934 DAO 2.50± 0.08 2455960.799 DAO 2.88± 0.11
2455849.945 DAO 2.48± 0.08 2455961.644 DAO 2.97± 0.09
2455849.955 DAO 2.43± 0.09 2455961.654 DAO 2.84± 0.09
2455849.966 DAO 2.37± 0.08 2455966.376 Narval 2.31± 0.08
2455849.976 DAO 2.36± 0.09 2455998.332 Narval 3.10± 0.09
2455849.987 DAO 2.31± 0.09 2455999.362 Narval 2.46± 0.09
2455849.997 DAO 2.30± 0.09 2456001.309 Narval 2.07± 0.09
2455850.008 DAO 2.35± 0.09 2456003.329 Narval 3.16± 0.10
continued on next page
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HJD Instrument EWHα HJD Instrument EWHα
(A˚) (A˚)
2455850.018 DAO 2.23± 0.10 2456191.654 Narval 2.08± 0.12
2455850.029 DAO 2.22± 0.10 2456202.665 Narval 2.15± 0.11
2455850.039 DAO 2.18± 0.10 2456205.618 Narval 3.05± 0.10
2455850.050 DAO 2.20± 0.10 2456224.646 Narval 2.99± 0.09
2455850.062 DAO 2.15± 0.10 2456246.505 Narval 2.68± 0.09
2455850.933 DAO 2.12± 0.10 2456293.881 ESPaDOnS 2.65± 0.08
2455850.943 DAO 2.17± 0.10 2456295.767 ESPaDOnS 2.02± 0.11
2455850.954 DAO 2.15± 0.10 2456295.787 ESPaDOnS 2.04± 0.11
2455850.964 DAO 2.09± 0.10 2456295.808 ESPaDOnS 2.03± 0.11
2455850.975 DAO 2.11± 0.09 2456556.002 ESPaDOnS 2.71± 0.08
2455850.985 DAO 2.14± 0.10 2456557.140 ESPaDOnS 2.09± 0.09
2455850.996 DAO 2.05± 0.09 2456560.077 ESPaDOnS 3.14± 0.09
2455851.006 DAO 2.06± 0.09 2456656.568 FEROS 3.08± 0.09
2455851.017 DAO 2.16± 0.09 2456656.609 FEROS 3.05± 0.09
2455851.027 DAO 2.16± 0.09 2456658.535 FEROS 2.29± 0.10
2455851.038 DAO 2.15± 0.08 2456658.542 FEROS 2.29± 0.10
2455851.048 DAO 2.23± 0.09 2456658.679 FEROS 2.00± 0.11
2455880.839 DAO 2.14± 0.11 2456658.683 FEROS 1.99± 0.10
2455880.850 DAO 2.18± 0.10 2456658.686 FEROS 1.94± 0.11
2455880.860 DAO 2.16± 0.10 2456658.690 FEROS 1.96± 0.10
2455880.871 DAO 2.20± 0.10 2456658.694 FEROS 1.99± 0.10
2455880.881 DAO 2.10± 0.10 2456658.701 FEROS 1.98± 0.10
2455880.892 DAO 2.22± 0.09 2456658.701 FEROS 1.98± 0.10
2455880.902 DAO 2.20± 0.09 2456658.709 FEROS 1.98± 0.10
2455880.913 DAO 2.26± 0.09 2456658.713 FEROS 2.00± 0.10
2455880.923 DAO 2.19± 0.09 2456658.763 FEROS 2.10± 0.09
2455880.933 DAO 2.25± 0.09 2456659.627 FEROS 2.16± 0.09
2455880.944 DAO 2.27± 0.09 2456659.671 FEROS 2.30± 0.09
2455880.954 DAO 2.32± 0.09 2456659.677 FEROS 2.33± 0.09
2455880.965 DAO 2.34± 0.08 2456659.681 FEROS 2.09± 0.11
2455880.975 DAO 2.42± 0.09 2456659.685 FEROS 2.40± 0.09
2455880.986 DAO 2.51± 0.09 2456659.689 FEROS 2.41± 0.08
2455880.996 DAO 2.44± 0.09 2456659.693 FEROS 2.39± 0.09
2455881.019 DAO 2.58± 0.08 2456659.697 FEROS 2.45± 0.09
2455881.029 DAO 2.62± 0.09 2456659.700 FEROS 2.42± 0.08
2455881.040 DAO 2.64± 0.09 2456659.708 FEROS 2.50± 0.09
2455893.623 Narval 2.06± 0.11 2456659.746 FEROS 2.66± 0.10
2455903.772 DAO 2.45± 0.10 2456660.614 FEROS 2.71± 0.09
2455903.782 DAO 2.48± 0.10 2456660.653 FEROS 2.88± 0.10
2455903.793 DAO 2.40± 0.10 2456660.724 FEROS 3.07± 0.10
2455903.803 DAO 2.33± 0.10 2456660.763 FEROS 3.14± 0.11
2455903.814 DAO 2.30± 0.10 2456660.801 FEROS 3.17± 0.10
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Table 9. Equivalent widths of various spectral lines calculated using the Narval, ESPaDOnS, and FEROS spectra. The uncertainties
correspond to 3σ. This table will appear only in the electronic version of the paper.
HJD Instrument EWC iiλ4267 EWHe iλ4713 EWSi iiiλ4553 EWN iiλ4643 EWHβ EWHγ
(×10 A˚) (×10 A˚) (×10 A˚) (×10 A˚) (×10 A˚) (×10 A˚)
2454702.138 ESPaDOnS 1.53± 0.07 1.23± 0.05 0.89± 0.02 0.25± 0.01 59.38± 0.70 56.40± 0.67
2455849.677 Narval 1.49± 0.07 1.30± 0.05 0.84± 0.03 0.26± 0.01 58.36± 0.71 56.13± 0.69
2455893.623 Narval 1.47± 0.07 1.98± 0.06 0.78± 0.04 0.28± 0.02 56.84± 0.72 56.01± 0.69
2455910.518 Narval 1.46± 0.07 1.49± 0.05 1.00± 0.04 0.31± 0.02 57.59± 0.69 55.84± 0.67
2455934.528 Narval 1.49± 0.07 1.78± 0.06 0.87± 0.04 0.24± 0.02 57.09± 0.69 55.69± 0.65
2455936.534 Narval 1.50± 0.07 1.63± 0.06 0.78± 0.03 0.34± 0.02 57.33± 0.66 55.97± 0.65
2455938.525 Narval 1.50± 0.07 1.24± 0.04 0.81± 0.03 0.30± 0.01 58.16± 0.70 55.76± 0.67
2455944.500 Narval 1.50± 0.07 1.18± 0.05 0.84± 0.03 0.31± 0.01 58.23± 0.70 55.93± 0.67
2455949.429 Narval 1.55± 0.07 1.34± 0.05 0.85± 0.03 0.32± 0.02 58.42± 0.70 55.74± 0.67
2455950.472 Narval 1.51± 0.07 1.16± 0.05 0.93± 0.03 0.31± 0.02 58.64± 0.70 55.89± 0.67
2455951.471 Narval 1.51± 0.07 1.35± 0.05 0.98± 0.04 0.32± 0.01 58.15± 0.68 55.39± 0.67
2455966.376 Narval 1.54± 0.07 1.76± 0.06 0.68± 0.03 0.32± 0.02 57.45± 0.67 56.00± 0.65
2455998.332 Narval 1.47± 0.08 1.23± 0.04 0.87± 0.03 0.34± 0.02 58.02± 0.69 56.05± 0.66
2455999.362 Narval 1.50± 0.07 1.55± 0.05 0.87± 0.04 0.34± 0.02 56.27± 0.69 55.95± 0.67
2456001.309 Narval 1.51± 0.07 1.91± 0.06 0.75± 0.02 0.32± 0.02 56.69± 0.68 56.14± 0.65
2456003.329 Narval 1.54± 0.07 1.24± 0.05 0.79± 0.03 0.30± 0.02 58.24± 0.70 56.57± 0.66
2456191.654 Narval 1.51± 0.07 2.01± 0.06 0.78± 0.03 0.31± 0.02 56.86± 0.70 56.08± 0.66
2456202.665 Narval 1.50± 0.07 1.90± 0.06 0.84± 0.04 0.30± 0.02 56.72± 0.69 55.84± 0.67
2456205.618 Narval 1.54± 0.07 1.33± 0.05 0.89± 0.03 0.31± 0.02 57.91± 0.70 56.05± 0.67
2456224.646 Narval 1.49± 0.07 1.33± 0.04 0.92± 0.03 0.32± 0.02 57.88± 0.68 55.72± 0.67
2456246.505 Narval 1.55± 0.07 1.51± 0.06 0.81± 0.04 0.27± 0.02 57.70± 0.67 55.84± 0.65
2456293.881 ESPaDOnS 1.47± 0.07 1.49± 0.05 1.03± 0.03 0.30± 0.01 58.46± 0.68 56.06± 0.66
2456295.767 ESPaDOnS 1.53± 0.09 2.01± 0.08 0.80± 0.04 0.19± 0.07 57.20± 0.73 56.02± 0.68
2456295.787 ESPaDOnS 1.45± 0.08 1.97± 0.07 0.86± 0.03 0.43± 0.04 57.01± 0.71 56.34± 0.66
2456295.808 ESPaDOnS 1.49± 0.08 2.02± 0.07 0.85± 0.03 0.30± 0.03 56.44± 0.70 56.22± 0.67
2456556.002 ESPaDOnS 1.48± 0.07 1.46± 0.05 1.02± 0.03 0.25± 0.02 58.17± 0.68 56.18± 0.68
2456557.140 ESPaDOnS 1.52± 0.07 1.94± 0.06 0.92± 0.03 0.21± 0.01 57.91± 0.67 56.44± 0.67
2456560.077 ESPaDOnS 1.53± 0.07 1.19± 0.05 1.01± 0.03 0.21± 0.02 58.63± 0.70 56.34± 0.68
2456656.568 FEROS 1.55± 0.07 1.23± 0.05 0.81± 0.03 0.38± 0.02 58.40± 0.71 55.16± 0.66
2456656.609 FEROS 1.55± 0.07 1.15± 0.05 0.83± 0.03 0.33± 0.02 58.48± 0.72 55.15± 0.68
2456658.535 FEROS 1.50± 0.07 1.74± 0.06 0.70± 0.03 0.36± 0.02 57.26± 0.78 55.12± 0.68
2456658.542 FEROS 1.50± 0.08 1.81± 0.07 0.79± 0.04 0.30± 0.03 56.68± 0.73 55.32± 0.68
2456658.679 FEROS 1.50± 0.07 2.01± 0.07 0.65± 0.03 0.31± 0.03 57.00± 0.77 55.54± 0.68
2456658.683 FEROS 1.53± 0.07 2.04± 0.07 0.74± 0.03 0.35± 0.02 56.77± 0.75 55.49± 0.68
2456658.686 FEROS 1.51± 0.08 1.99± 0.07 0.69± 0.03 0.29± 0.02 56.81± 0.72 55.35± 0.67
2456658.690 FEROS 1.45± 0.07 1.91± 0.07 0.66± 0.02 0.30± 0.02 57.14± 0.82 55.47± 0.68
2456658.694 FEROS 1.46± 0.07 1.97± 0.07 0.66± 0.02 0.33± 0.02 56.74± 0.70 55.34± 0.66
2456658.698 FEROS 1.52± 0.07 1.91± 0.07 0.70± 0.02 0.33± 0.02 56.87± 0.71 55.40± 0.67
2456658.701 FEROS 1.51± 0.07 1.94± 0.07 0.68± 0.03 0.28± 0.02 56.93± 0.70 55.34± 0.66
2456658.702 FEROS 1.51± 0.07 1.99± 0.07 0.66± 0.03 0.35± 0.02 56.77± 0.72 55.36± 0.67
2456658.709 FEROS 1.46± 0.07 1.95± 0.06 0.68± 0.02 0.27± 0.02 56.76± 0.72 55.32± 0.68
2456658.713 FEROS 1.44± 0.08 1.94± 0.06 0.70± 0.02 0.31± 0.02 56.97± 0.71 55.43± 0.65
2456658.763 FEROS 1.55± 0.07 1.85± 0.06 0.63± 0.03 0.28± 0.02 57.23± 0.72 55.46± 0.67
2456659.628 FEROS 1.58± 0.07 1.79± 0.07 0.68± 0.04 0.30± 0.02 57.52± 0.74 55.33± 0.66
2456659.671 FEROS 1.56± 0.07 1.64± 0.07 0.70± 0.04 0.28± 0.02 57.43± 0.68 55.13± 0.66
2456659.677 FEROS 1.59± 0.07 1.58± 0.06 0.73± 0.03 0.33± 0.03 57.69± 0.70 55.26± 0.65
2456659.681 FEROS 1.56± 0.06 1.62± 0.07 0.74± 0.04 0.29± 0.03 57.62± 0.71 55.21± 0.65
2456659.685 FEROS 1.60± 0.07 1.56± 0.07 0.73± 0.04 0.28± 0.02 57.49± 0.69 55.55± 0.68
2456659.689 FEROS 1.58± 0.07 1.62± 0.07 0.77± 0.04 0.30± 0.02 57.77± 0.70 55.27± 0.64
2456659.693 FEROS 1.53± 0.08 1.51± 0.07 0.76± 0.04 0.29± 0.03 57.65± 0.70 55.16± 0.67
2456659.697 FEROS 1.60± 0.07 1.55± 0.07 0.75± 0.04 0.30± 0.03 57.58± 0.68 55.15± 0.66
2456659.700 FEROS 1.60± 0.07 1.57± 0.06 0.74± 0.04 0.29± 0.03 57.59± 0.69 55.25± 0.66
2456659.704 FEROS 1.53± 0.06 1.48± 0.07 0.76± 0.04 0.32± 0.02 57.75± 0.68 55.20± 0.65
2456659.708 FEROS 1.62± 0.07 1.54± 0.06 0.80± 0.04 0.29± 0.02 57.65± 0.69 55.05± 0.66
2456659.746 FEROS 1.59± 0.07 1.39± 0.06 0.78± 0.04 0.31± 0.02 58.13± 0.73 55.13± 0.66
2456660.614 FEROS 1.52± 0.07 1.50± 0.06 0.76± 0.03 0.32± 0.02 58.03± 0.76 55.16± 0.67
2456660.653 FEROS 1.55± 0.07 1.43± 0.05 0.78± 0.03 0.33± 0.02 58.04± 0.71 55.21± 0.68
2456660.724 FEROS 1.55± 0.07 1.29± 0.05 0.79± 0.03 0.27± 0.01 58.33± 0.74 55.25± 0.67
2456660.763 FEROS 1.54± 0.07 1.21± 0.05 0.75± 0.03 0.36± 0.02 58.34± 0.71 55.31± 0.69
2456660.801 FEROS 1.52± 0.07 1.22± 0.05 0.79± 0.03 0.33± 0.02 58.30± 0.74 55.37± 0.67
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Table 10. uvby photometry obtained from Jan. 1992 to Mar. 1994. Each measurement is given as a magnitude difference between the
variable source (“v”, HD 35502) and a non-variable comparison star (“c”, HD 35575). This table will appear only in the electronic version
of the paper.
HJD u(v-c) v(v-c) b(v-c) y(v-c) HJD u(v-c) v(v-c) b(v-c) y(v-c)
(mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag)
2448648.764 1.25 1.04 0.96 0.89 2449291.008 1.27 1.06 0.98 0.91
2448657.697 1.27 1.06 0.97 0.89 2449292.006 1.28 1.08 0.99 0.91
2448676.640 1.27 1.07 0.98 0.91 2449294.930 1.27 1.07 0.99 0.92
2448678.635 1.26 1.05 0.97 0.90 2449297.965 1.28 1.08 0.99 0.91
2448681.635 1.27 1.07 0.97 0.90 2449311.949 1.27 1.06 0.98 0.91
2448687.621 1.28 1.07 0.98 0.90 2449312.945 1.26 1.06 0.97 0.90
2448692.632 1.27 1.08 0.99 0.91 2449318.933 1.26 1.05 0.98 0.90
2448695.633 1.27 1.06 0.98 0.91 2449324.920 1.26 1.06 0.97 0.90
2448696.605 1.26 1.06 0.97 0.90 2449325.917 1.26 1.05 0.97 0.90
2448697.604 1.26 1.06 0.97 0.90 2449328.909 1.27 1.06 0.97 0.91
2448701.606 1.27 1.07 0.98 0.91 2449336.881 1.26 1.06 0.99 0.92
2448701.621 1.27 1.06 0.98 0.90 2449337.881 1.27 1.06 0.97 0.91
2448702.606 1.27 1.07 0.98 0.91 2449338.877 1.27 1.07 0.99 0.91
2448705.607 1.29 1.08 1.00 0.92 2449346.853 1.28 1.08 0.99 0.92
2448873.946 1.26 1.06 0.98 0.90 2449351.841 1.29 1.08 0.99 0.92
2448874.944 1.26 1.05 0.97 0.90 2449359.819 1.28 1.07 0.99 0.92
2448875.941 1.25 1.05 0.97 0.90 2449362.654 1.26 1.07 0.98 0.91
2448876.939 1.26 1.06 0.97 0.89 2449362.686 1.27 1.06 0.98 0.91
2448889.904 1.26 1.06 0.96 0.89 2449362.710 1.26 1.07 0.98 0.91
2448888.907 1.26 1.06 0.97 0.89 2449362.726 1.27 1.07 0.98 0.91
2448889.904 1.26 1.06 0.96 0.89 2449362.740 1.26 1.07 0.98 0.91
2448890.902 1.26 1.06 0.97 0.90 2449362.756 1.27 1.07 0.99 0.91
2448891.899 1.26 1.06 0.98 0.90 2449362.770 1.27 1.07 0.98 0.91
2448897.970 1.26 1.06 0.97 0.90 2449362.786 1.27 1.08 0.98 0.91
2448898.968 1.25 1.05 0.96 0.89 2449362.800 1.27 1.07 0.98 0.91
2448899.965 1.26 1.06 0.97 0.90 2449362.816 1.27 1.07 0.99 0.91
2448900.942 1.29 1.08 0.98 0.90 2449363.650 1.27 1.07 0.99 0.91
2448901.960 1.27 1.07 0.97 0.90 2449363.683 1.27 1.08 0.99 0.91
2448903.954 1.25 1.05 0.96 0.90 2449363.708 1.27 1.08 0.99 0.91
2448904.935 1.24 1.05 0.96 0.89 2449363.724 1.28 1.08 0.99 0.91
2448905.949 1.26 1.06 0.97 0.89 2449363.738 1.28 1.08 0.99 0.91
2448906.946 1.28 1.07 0.98 0.90 2449363.754 1.28 1.08 0.99 0.91
2448908.025 1.28 1.07 0.98 0.91 2449363.769 1.28 1.08 0.99 0.91
2448910.921 1.26 1.06 0.98 0.91 2449363.784 1.28 1.08 0.99 0.92
2448911.989 1.26 1.07 0.98 0.91 2449363.799 1.28 1.08 0.99 0.92
2448913.005 1.28 1.08 0.99 0.91 2449364.649 1.27 1.08 0.99 0.92
2448918.998 1.28 1.08 0.98 0.91 2449364.681 1.28 1.08 0.99 0.92
2448920.993 1.26 1.06 0.98 0.91 2449364.707 1.29 1.08 0.99 0.92
2448921.990 1.25 1.05 0.98 0.90 2449364.720 1.29 1.08 0.99 0.91
2448928.970 1.26 1.06 0.97 0.90 2449364.736 1.28 1.08 0.99 0.92
2448937.973 1.26 1.06 0.98 0.91 2449364.750 1.28 1.08 1.00 0.92
2448938.839 1.27 1.06 0.98 0.92 2449364.767 1.28 1.08 0.99 0.92
2448939.861 1.25 1.04 0.96 0.89 2449364.781 1.28 1.08 0.99 0.92
2448940.908 1.25 1.05 0.98 0.90 2449364.797 1.28 1.07 0.99 0.91
2448941.864 1.26 1.07 0.98 0.90 2449364.810 1.28 1.07 0.99 0.92
2448943.867 1.27 1.06 0.97 0.90 2449365.650 1.28 1.07 0.99 0.92
2448944.862 1.26 1.06 0.97 0.90 2449365.683 1.28 1.08 0.99 0.93
2448954.890 1.27 1.07 0.99 0.91 2449365.723 1.28 1.08 0.99 0.92
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HJD u(v-c) v(v-c) b(v-c) y(v-c) HJD u(v-c) v(v-c) b(v-c) y(v-c)
(mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag)
2448955.883 1.27 1.07 0.98 0.91 2449365.738 1.27 1.07 0.99 0.92
2448957.878 1.25 1.04 0.96 0.89 2449365.753 1.27 1.07 0.99 0.91
2448963.856 1.25 1.05 0.96 0.90 2449365.798 1.27 1.06 0.99 0.91
2448966.712 1.27 1.07 0.98 0.92 2449366.651 1.27 1.06 0.98 0.91
2448968.857 1.26 1.06 0.97 0.90 2449369.644 1.28 1.07 0.99 0.92
2449008.659 1.28 1.07 0.98 0.91 2449370.653 1.29 1.08 0.99 0.91
2449010.625 1.27 1.06 0.98 0.90 2449371.670 1.28 1.07 0.99 0.92
2449011.617 1.25 1.05 0.97 0.90 2449373.677 1.26 1.06 0.98 0.91
2449012.625 1.25 1.05 0.97 0.89 2449374.661 1.26 1.06 0.98 0.91
2449013.619 1.27 1.07 0.99 0.91 2449382.700 1.27 1.07 0.99 0.91
2449017.669 1.25 1.04 0.97 0.90 2449383.698 1.27 1.06 0.98 0.91
2449019.638 1.27 1.07 0.97 0.90 2449384.695 1.26 1.06 0.97 0.91
2449021.679 1.26 1.05 0.97 0.90 2449389.687 1.26 1.06 0.98 0.91
2449022.690 1.25 1.05 0.97 0.90 2449393.690 1.27 1.07 0.99 0.91
2449023.688 1.25 1.05 0.96 0.90 2449396.667 1.25 1.05 0.96 0.90
2449025.683 1.27 1.07 0.97 0.90 2449398.660 1.27 1.07 0.97 0.90
2449052.654 1.26 1.06 0.98 0.91 2449399.659 1.27 1.07 0.99 0.91
2449053.655 1.26 1.06 0.98 0.90 2449406.639 1.27 1.07 0.98 0.91
2449054.655 1.28 1.07 0.98 0.90 2449408.634 1.26 1.06 0.98 0.91
2449057.639 1.27 1.06 0.98 0.90 2449410.628 1.27 1.07 0.98 0.91
2449058.638 1.26 1.06 0.98 0.90 2449411.625 1.28 1.08 0.99 0.91
2449063.622 1.26 1.06 0.98 0.91 2449416.610 1.28 1.08 0.99 0.91
2449065.620 1.26 1.06 0.97 0.90 2449418.623 1.28 1.08 0.99 0.92
2449253.906 1.26 1.06 0.99 0.90 2449421.607 1.26 1.06 0.98 0.91
2449257.895 1.26 1.03 0.98 0.91 2449423.613 1.30 1.09 1.00 0.92
2449258.893 1.26 1.06 0.98 0.90 2449424.613 1.28 1.07 0.99 0.93
2449259.890 1.28 1.05 0.98 0.91
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